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Recent Discoveries in Physical Science—II° 
Chemical Affinity Interpreted in Electrical Terms 


Continued from Screntiric American Supptement No. 1999, Page 259, 


On the last occasion I endeavored to show that chem- 
ical compounds can be divided up into two classes. 
In the one class the component atoms of the molecule 
are electric doublets, carrying both a positive and a 
negative charge, and are thus individually neutral, 
while in the other class the individual atoms in the 
molecule are not neutral, but one atom is positively 
charged and another negatively. As the criterion for 
determining to which class a compound belongs, I have 
taken the specific inductive capacity of the compound 
when in the gaseous state, the comparison being made 
in this condition because there are then the same number 
of molecules per unit volume. 

Taking the specific inductive capacity as the test 
of “intra-molecular ionization’’ of the above kind, 
chemical compounds can be readily classified into two 
groups. Some, in short, are found to obey Maxwell’s 
law, which is that the specific inductive capacity of a 
body is equal to the square of its index of refraction, 
with the additional property that the specific inductive 
capacity is then independent of the temperature if the 
measurement is made at constant volume (thus keeping 
constant the number of molecules involved). With 
other bodies the value of the specific inductive capacity 
bears no relation to the square of the refractive index, 
and with these bodies there is a very great decrease in 
the value of k when the temperature is increased. In 
my previous lecture I tried to show that such an 
effect would naturally follow if the atoms of the molecule 
were charged. Proceeding in this way, the commoner 
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In the first group the atoms of the molecule are neutral, 
and in this group it will be seen are included the whole 
of the elementary gases. Even chlorine is found here, 
though this body might perhaps be expected to prove 
an exception. It appears, therefore, that in all the 
normal gases the atoms are, as a net result, uncharged, 
each ecntaining an equal amount of positive ‘and of 
negative electricity. In the second group the vapors 
listed possess molecules of which the constituent atoms 
are distinctly charged with a surplus of either positive 
or of negative electricity. The whole of the bodies in 
this group, it will be observed, are gases with very pro- 
nounced chemical and physical qualities. The number 
of bodies which can be examined in the gaseous condi- 
tion is, however, not large; but the same method of 
examination can be applied to liquids if for the specific 
inductive capacity as ordinarily determined the specific 
inductive capacity per molecule is substituted, this 
being necessary, because some liquids have a much 
larger number of molecules per cubic centimeter than 
others. When the molecular specific inductive capacity 
is determined in this way, it appears that certain radicals 
give every evidence that their constituent atoms are 


charged. Some results are shown in the appended 
table: 
Specific Inductive Capacity. 
Radical. Compound. | As Ordinarily | Relative Value 
| Measured. per Molecule. 
| 
| 
81.7 81 
OH | CH,OH........ 32.5 79 
C:H.0OH...... 21.7 84 
CH.ON... 35.8 100 
38.2 116 
NOs. O:HsNO:..... 29.5 117 
| § CHSONS....... 144 
ONS.. |} OH:ONS..... 126 
OHCO.OH....| 21 


From the table it will be seen that the radical, C N, 


* Second of a Series of Lectures delivered at the Royal Insti- 
tution. 


By Sir J. J. Thomson, O.M., F.R.S. 


inductive capacity than does hydroxyl. ‘N Oz gives a 
higher value still, and this in turn is exceeded by C N S. 
An interesting point about these latter sulpho-cyanide 
compounds is that they can be obtained both in normal 
and in iso torms, the arrangement of the radical being 
different in the two. 

It turns out that this different arrangement of the 
radical is accompanied by a corresponding difference 
in the value of the specific inductive capacity, the con- 
tribution of the radical to this property being, in the iso 
form, little more than half of what it is in the normal 
form. The difference between the two conditions ap- 
pears to be of the following character. Representing 
the radical as 

C-N -S, 
then, in one set of compounds, the carbon carries a 
positive charge, while the negative charge is on the 
_nitrogen atom, thus: 
C-N-S. 

In the other set of compounds the negative charge 
‘is carried by the sulphur atom, thus, and the positive 
charge is on the nitrogen atom, thus: 

C-N -S. 
= 

The distance between the two charges is not the same 
in both cases, and hence the moment of the resultant 
electric doublet is greater in the one case than in the 
other. 

The radical C O.0 H, it will be seen from the table, 
gives markedly different contributions to the molecular 
specific inductive capacity in different cases. This 
arises because both of its constituents are themselves 
charged. Hence, if the constituents are arranged in 
the one way, the total effect will be greater than the 
effect of either acting alone; while if the arrangement 
is such that the moment of one constituent opposes 
that of the other, the effect will be less than that of either 
acting alone. In formic acid this radical gives a value 
of 120 for its contribution to the molecular specific 
inductive capacity, while in acetic acid the contribution 
is only 21. This is an enormous difference. 

Speaking generally, when a radical is itself built up 
of components which have moments of their own, the 
arrangement may be such that these moments are added 
to each other, while in other cases.the disposition may 
be such that the effects are subtracted one from the 
other. In the former case the contribution made to 
the specific inductive capacity of the compound into 
which they enter may be very high. Such a body is 
formamide: 


C — NH;, 
for which the value of this contribution is about the 
highest known, amounting to 210 per molecule. Every 
radical in organic compounds of O, N, H and S behaves 
in this way, the atoms being always charged. When 
such radicals enter a compound the only part of this 
compound charged is, in most cases, the radical itself. 

In some cases there is a possibility of a different dis- 
tribution of charges on the hydroxyl radical. The one 
ease may be represented as 

OH 

+ 
there being a positive charge on the hydrogen and an 
equal negative charge on the oxygen atom. In this 
ease when this radical forms part of a molecule the 
remainder of the molecule need not be charged. The 
more usual condition is, however, that the oxygen atom 
carries two negative charges, thus: 

OH 
and by these it is linked up with other positive charges 
in the rest of the compound molecule. 

In the case first mentioned, where the oxygen carries 
only one negative charge and the hydrogen one positive 
charge, these being the only charges in the molecule, 
the hydroxyl acts as an acid radical, as, for example, in 
formic acid. In alcohol, on the other hand, it has basic 
properties, and in this the oxygen atom carries two 
negative charges. The behavior of the radical is totally 
different in the two cases. When hydroxyl combines 
with acid properties, the oxygen atom carries only one 
charge, and if acted on by suitable reagents, hydrogen 
is split off from the hydroxyl by the severance of the 
bond between it and the oxygen. This hydrogen passes 
off into solution, which then acquires an excess of hy- 
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drogen ions, giving all the typical “acid reactions.” 

When, on the other hand, compounds in which the 
hydroxyl enters with basic properties are similarly 
treated, the whole of the hydroxyl radical is itself split 
off, and the solution contains as a result an excess of 
hydroxyl ions. 

With bodies having charged atoms, such as those 
in Group 2 of our table the resultant moments are very 
much greater, and the forces between adjacent molecules 
much larger than in the case of bodies with uncharged 
atoms. For example, experiment shows that the 
molecules of water have a very great attraction for each 
other, and that there may be considerable difficulty in 
breaking a column of water in two. This may appear 
paradoxical, since “‘weak as water’’ isa proverb. Never- 
theless, it is true that the tensile strength of water is by 
no means despicable. 

In this connection I might say that one of the most 
remarkable instances of boldness in scientific prediction 
was when Young, about 100 years ago, insisted on the 
great tensile strength of water in making what was the 
first estimate ever brought forward as to the range of 
molecular action. This calculation of Young’s had been 
forgotten until rediscovered by Lord Rayleigh a few 
years ago. Young compared the surface tension of 
water to its tenacity, and came to the conclusion that its 
tensile strength was about that of iron. This estimate 
was the most remarkable case of clear insight and 
audacity which I have yet come across. 

[To illustrate the tensile strength of water and to compare it 
with that of oil, the lecturer heated two sealed tubes, of which 
the one, at the temperature of the room, was nearly completely 
filled with air-free water, and the other with oil. By heating 
these tubes the fluids were caused to fill them completely, and it 
was then shown that they could be cooled back nearly co the 
room temperature without the forming again of a void. A 
tensional force sufficient to stretch the water from its normal 
volume to a materially larger one was thus sustained by the 
fluid. The tensile strength thus exhibited was, Prof. Thomson 
said, about 13,000 atmospheres in the case of water, and much 
less in that of oil.] 

The reason why water is ordinarily so weak is due to 
the fact that it is difficult to get a sample which is not 
already cracked by the air dissolved in it. Ordinary 
water is, in fact, ‘‘eracked all to pieces” by this dissolved 
air, and it is not fair to judge the strength of the liquid 
from specimens which are in effect already broken. 

In addition to this great tensile strength, the liquids 
of Group 2 have another striking property—that of 
dissociating salts dissolved in them, the effect of which 
is to render the solution a good conductor of electricity. 
Everyone knows that water possesses this property, 
but it is also true of such bodies as ammonia. Liquid 
anhydrous ammonia is, for example, a very good in- 
sulator, just as pure water is. If, however, a little 
sodium is dissolved in this liquid anhydrous ammonia 
(which is obtained by condensing ammonia by liquid 
air), the blue solution thus produced is quite a good con- 
ductor. 

It is natural to expect that the surrounding of salts 
by molecules of the second group of bodies, in which, 
as stated, the atoms carry charges, will help the molecules 
of the salts to split up into negatively electrified particles. 
Taking the case of hydrochloric acid the hydrogen carries 
a positive charge, and the chlorine a negative one. If 


.such a molecule is immersed in water, then, as the atoms 


of the water molecules themselves carry charges, if a 
negatively charged atom of the water molecule comes 
into the immediate neighborhood of the positively 
charged atom of hydrogen in the HCl molecule, while 
the chlorine atom is similarly brought into the neighbor- 
hood of the negatively charged atom of water, the 
tendency will be to pull the hydrochloric acid molecule 
apart. Once the two are separated, they will find them- 
selves immersed in a liquid with a high specific inductive 
capacity, and there will be but little attraction tending 
to bring them together again. 

The mutual attractions between molecules of bodies 
having charged atoms is, in fact, very considerable, and 
is well exemplified by the difficulty of preparing anliy- 
drous ammonia. 

[This attraction between ammonia and water Prof. Thomson 
exemplified by throwing on to a screen the shadow of a je: of 
steam. He showed that if a piece of cotton-wool charged with 
ammonia were brought near this steam jet at the point of issue, 
there was a very marked darkening of the shadow, due to the 
fact that the attraction of the ammonia for the steam molecules 
greatly facilitated the condensation of the latter.) 

I have in the foregoing brought fé~ard evidence to 
show that in many compounds the constituent atoms of 
the molecule carry charges of electricity, and I wish 
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now to discuss the distribution of electricity within 
these molecules. Whatever view is taken as to the 
structure of the atom, it is necessary to admit with 
Helmholtz that different elements have a smaller attrac- 
tion for a charge of negative electricity than have others. 
Thus an atom of sodium or potassium has a smaller 
attraction for a negative charge than has chlorine, or, 
as it is usually put, they are more electro-positive. 
This implies that a certain amount of work will become 
available if a negative charge is taken from atoms for 
which the attraction is weak, and transferred to one 
which has a strong attraction for a negative particle. 

Hence when a neutral electro-positive atom combines 
with a neutral electro-negative atom, there is a tendency 
for « negative charge to pass from the electro-positive 
atom (thus leaving it positively charged) and go over 
to the electro-negative atom, rendering it negatively 
elecirified. In carbon monoxide, for instance, there is a 
tendency for a negative charge to pass from the carbon 
atom to the oxygen one, and were it merely a question of 
the electricity ‘feeling more at home” in the one place 
than the other, the transfer in question would always 
take place. What then is it which stops the electricity 
passing from the one atom of the molecule to the other? 
It is obvious that in such a transfer there will be a certain 
gain of work, and the question remains, why i» this work 
not gained? 

Iu attempting to answer these queries it is necessary in 
the first place to remember that electricity has itself an 
atomic structure, and must therefore pass in definite 
units from one point to another. The transfer of a 
negative charge must accordingly be either complete 
or not at all. The two atoms of carbon monoxide may 
be compared to the two coatings of a Leyden jar, the 
molecule constituting in effect a Leyden jar of very small 
capacity. To transfer a stated quantity of electricity 
to » Leyden jar requires the expenditure of a definite 
quantity of energy, which is greater the smaller the jar. 
If, for example, g units of electricity are passed into a 
Leyden jar, this involves an expenditure of energy 
equal to 


2 
capacity 


Hence the smaller the capacity the greater the expendi- 
ture of energy necessary to get the g units into the jar. 
If, then, the carbon and the oxygen atoms of a molecule 
of CO represent the coatings of a jar, there will, since 
oxygen has a greater attraction than carbon for negative 
electricity, be a certain amount of energy available for 
the charging up of the jar by the transfer of a negative 
charge from the carbon to the oxygen. If this is less, 
however, than one half the square of the charge divided 
by the capacity, the transfer will not take place. The 
work needed for the charging up of the “jar” and the 
amount available owing to the difference in the attrac- 
tions of the carbon and oxygen for negative electricity 
may both be expressed in terms of the voltage through 
which the charge must fall to effect the work in question. 
If, when expressed in this way, the voltage of the 
“jar 2) is greater than the voltage which represents the 


work available, no transfer of the charge will take 
place. 

The potential to which the addition of a charge will 
raise a jar is very large when the capacity is small. By 
increasing this capacity a transfer may be effected which 
would otherwise be impossible. When, therefore, an- 
other molecule is added on to certain systems, not so 
much work is required as before for the passage of a 
charge from an electro-positive to an electro-negative 
atom. Hence, if a molecule is surrounded by other 
molecules, or is attached to these other molecules, a 
charge may pass from the carbon to the oxygen, which 
it eannot do so long as the two stand alone. 


In organic compounds the presence of the CO radical 
does, it was found, give an increased value of the specific 
inductive capacity, and the radical in question has 
therefore become charged on entering the compound. 
This is due to the increased capacity of the “jar” con- 
stituted by the compound molecule, owing to the prox- 
imity of the other atoms forming it. 

An interesting example is afforded by the work of 
Werner on the series of compounds formed between 
platinum chloride and ammonia. Of these a number 
are known containing various amounts of ammonia. 
Of these (PtCl,)(NH;)2, containing only two molecules 
of ammonia, belongs to Class I of chemical compounds, 
the atoms not being charged. Adding another molecule 
of ammonia to get (PtCl,)(NHs3)s, the specific inductive 
capacity is represented by 96, a figure which in the case 
of (PtCl,)(NHs), is raised to 228. The next compound 
in the list (PtCl,)(NHs)s, has not yet been isolated, but 
(PtCl,)(NHs3)s gives the value 522. In the first of the 
compounds enumerated, the capacity of the system is 
too small to admit of the transfer of a charge. An in- 
crease of capacity by the addition of another molecule 
of ammonia diminishes the work necessary by so much 
that the transfer takes place, although the work available 
to this end remains unchanged. As more molecules are 
added the charge carried by the chlorine atoms increases, 
it will be seen, very rapidly. 

Another way of looking at the matter is as follows: 
Referring to Fig. 1, let the two atoms of the carbon 
monoxide molecule be represented by C and 0. Each 
carries a positive and a negative charge, but the oxygen 
being more electro-negative than the carbon atom, there 
is a tendency for a negative charge to pass from the 
carbon to the oxygen; but this is insufficient to over- 
come the attraction of the positive charge carried by 
the carbon atom. This latter can, however, be dimin- 
ished by bringing up another atom, as indicated by the 
dotted circle in Fig. 2, and this will increase the possi- 
bility of the ‘negative charge going across. In this way 
compound molecules, although they may have un- 
charged atoms when isolated, may become charged up 
when in the liquid state, or when combined to form mors 
complex compounds. 

(To be continued.) 


Boron* 
By E. Weintraub 


THE main commercial uses of boron are based on its 
peculiar properties of high specific electric resistance 
and the negative temperature coefficient. The specific 
conduetivity of boron of 0 deg. Cent. is about 6 < 107 
mhos per cubie centimeter. This high specific resistance 
of boron is accompanied by a negative temperature co- 
eflicient of resistance, which is also unprecedented among 
elements. The resistance of boron drops very mark- 
edly as the temperature is increased, and it does this 
with exceptional rapidity at ordinary room temperature. 
At this temperature the conductivity of boron doubles 
in value for every 17 deg. Cent. 

The influence of addition of other elements dissolved 
in boron is no less interesting. This influence is of 
extraordinary magnitude so that even as small an 
amount as 0.1 per cent of carbon, for instance, will 
increase the conductivity of boron manifold. When 
7 to 8 per cent of carbon is dissolved in boron the 
remarkable characteristics of boron disappear altogether 
and the material has a conductivity comparable to that 
of silicon or even carbon. 

These peculiarities are best understood by consider- 
ing the curve connecting the current and the voltage 
across a piece of boron. In such curves as shown in 
the diagram, the amperes are given as abscisses and the 
volts as ordinates. For a material with a negative tem- 
perature coefficient of resistance, such as boron, the 
curve is necessarily concave to the axis of abscisses. 

In the adjoining diagram the curves are plotted not 
to seale, but simply to bring out the essential difference 
between pure boron and boron containing carbon. The 
curve (1) for pure boron shows a clearly developed maxi- 
mum. That is, if the current passing through the piece 
of boron is gradually increased the voltage at the ter- 
minals of the piece of boron increases until it reaches a 
maximum; with further increases of current the voltage 
decreases. This property at once suggests the use of 
boron as a cut-out. 

In such cut-outs boron seems destined to find a very 
large field of usefulness especially in connection with 
series lighting. Whenever the voltage rises beyond 
a certain value the boron cut-out which before had a 
very high resistance, will break down and open a path 
for the current. 

If a little carbon is added to boron the nature of the 
Volt-ampere curve changes and by adding more and 
more carbon the form of the curve (2) in the adjoining 
diagram may be obtained which reaches a maximum 
and then remains * actically constant, becoming parallel 


*Abstract of a paper read before the American Chemical 
Society and published {a Afetailurgical and Chemical Engineering. 


to the ampere axis. Such boron-carbon resistors are 
practically applicable for voltage regulators. The prin- 
ciple is that if such a boron-carbon resistor is in shunt 
with a conductor to be regulated, and if the current 
fluctuates the boron-carbon conductor will absorb more 
or less current while the conductor in parallel maintains 
its amperes constant so that the voltage at the terminals 
remains constant. This property is made use of in 
ear-lighting regulators. 

Another type of boron-carbon resistors in an atmos- 
phere of nitrogen (containing a little less carbon than 
the type just discussed) is employed for automobile 
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Volt-ampere curves for boron and boron-carbon. 


lighting regulators to take care of the variations of 
speed. These regulators are placed in the field of the 
generator. 

As regards the possible application of boron resistors 
as electric thermometers, it is to be remarked that on 
account of the great temperature coefficient they should 
be particularly applicable for such a purpose. The 
main difficulty has been to make reliable contacts with 
boron. This difficulty has been bad enough in con- 
nection with cut-outs and regulators, but has there 
been completely overcome. On the other hand, this dif- 
ficulty is much greater with thermometers, as in this 
case the contacts must be absolutely constant. How- 
ever, even in this case, the difficulties have been practi- 
cally overcome. 


The Cost of Vermin . 


Many popular beliefs on medical subjects seem to be 
based on instinct without any facts to justify them, yet 
increasing knowledge in new fields frequently justifies 
opinions which have been held for centuries. Rats, 
mice, flies, mosquitoes and the various forms of body 


parasites have always been held in contempt and dis- 
gust, and always and everywhere have been regarded as 
vermin. Growing knowledge of the important réle 
played by these lower forms of animal life in the trans- 
mission of disease is ample justification for this feeling. 
The attention which has been called to parasites and 
scavengers of the human race has resulted in demon- 
strating another reason why mankind has always 
abhorred them. They are an exceedingly expensive 
luxury. The Journal of the American Medical Asso- 
ciation comments on a recent article in the Farm and 
Fireside, which discusses the amount of damage done 
in this country by rats, and estimates that there are in 
the United States at least 300,000,000 of these animals, 
alike destructive to property and dangerous to health. 
Rats are said to destroy a hundred million dollars’ worth 
of grain every year in this country, or enough to feed 
one hen for every man, woman and child in the nation. 
The annual cost of rats to the nation is estimated at 
$360,000,006. In addition, the rat population of the 
country forms a fertile field for the dissemination of 
bubonic plague, which only needs a starting-point in 
any of our seaports to spread throughout the country 
and cause the loss of thousands of lives. In the same 
issue of the Farm and Fireside but in a different depart- 
ment, appears an article on the cattle-tick, in which it 
is estimated that the difference between the market 
value of an animal free from this parasite and one infected 
with it is about $8 per cow, and that the cattle-tick is 
to-day costing the stockmen of the country a billion 
dollars each decade, or a hundred million dollars each 
year. The discovery and development of bacteriology 
showed that man had been carrying on for centuries 
an unconscious struggle with the lower forms of vege- 
table life. Recent additions to our knowledge of the 
habits and characteristics of vermin show that an equally 
relentless struggle has been going on between man and 
the lower forms of animal life. 


A Railway in Iceland 


PLANS are now complete for the first railway in Iee- 
land. It is to be run from the capital, Reykjavik, over 
the Thingvalla plain to the Olfusa bridge, a distance 
of about 58 miles, and will cost about $1,000,000. The 
railroad will be continued ultimately to Thorsjaa and 
from there one branch will lead to the geysers and the 
other to Oerbak. 

The present methods of traveling are extremely primi- 
tive the roads being few and poorly maintained, and 
with few bridges over rivers. In general island journeys 
are made on horseback, over bridle-paths or trails, and 
the streams have to be forded.—Science Conspectus. 
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The Annual Aero Show in London—IT’ 


The Present Status of the Art as Illustrated by the Olympia Exhibits 


Concluded from Screntiric American SuppLement No. 1999, Page 266, April 25, 1914 


THE BRISTOL STAND. 

Tue two biplanes exhibited on this stand differ con- 
siderably from previous models, the two-seater bearing 
hardly any resemblance to its prototype shown at 
Olympia last year, while the small fast single-seater 
scouting machine may be said to be the first of a new 
type to be turned out by this firm. 

The Eighty Horse-power Two-seater Biplane.—In this 
machine an attempt has been made to provide a good 
streamline form of fuselage by adding curved super- and 


of spruce and the skids of ash, while the tubular steel 
axes are streamlined with wood. 

The wings appear to be similar to those fitted on the 
machine exhibited at the Paris Show, and are of a peculiar 
section, being practically flat on the upper surface 
between the two main spars. By means of quickly 
detachable fittings the wings can be readily removed 
from the center section for purposes of storage or trans- 
port. The main spars are attached to the fuselage by 


means of a steel clip and horizontal bolt, as illustrated 
by one of the accompanying sketches. Cane skids are 
fitted to the wing tips in order to protect them against 
contact with the ground. The pilot’s and passenger's 
seats are arranged very comfortably, tandem fashion, 
in two separate cockpits, the pilot occupying the rear 
seat. The controls are of the usual Bristol type, con- 
sisting of a wheel mounted on a central column, for warp 
and elevator, while a pivoted foot bar operates the rudder. 
In front of the pilot is an unusually neat instrument 


sub-structures to the main rectangular portion and by board, on which is mounted in addition to the usual set 
continuing the engine cowl forward in the shape of a of instruments, an electric signaling device, consisting 
hemispherical nose-piece mounted on and revolving with of a series of small electric bulbs marked in the following 
the propeller boss. In order to provide better cooling, order: “Up,” “right,” “‘left,’’ ‘“‘circle,” “steady,” 
this nose-piece is louvred, so that although the engine is “return,” “down,” “land.” By means of a series of 
totally enclosed the cooling should present no difficulties. buttons in the observer’s cockpit, similarly marked, the L 
The engine, an 80 horse-power Gnome monosoupape, is observer can give the pilot orders unhampered by the " 
mounted on overhung bearings in the nose of the fuselage noise of the engine. 
and drives directly the Bristol propeller. The fuselage The tail planes consist of a fixed tail plane, set at a 
is built up in the usual way of four longerons, which are of negative angle of incidence, and to the trailing edg« is : 
ash in the front portion, and of spruce, spindled down to hinged the undivided elevator, while it is surmounted red 
an I-section, at the rear, connected by struts and cross- by a small vertical fin, to the trailing edge of which ‘he by 
members of ash and spruce. The turtle back on top of rudder is hinged. te | 
the fuselage is constructed of three-ply wood up to a A tail skid of laminated wood similar to that fitted on thr 
point behind the pilot’s seat, while the rear portion of it the Paris Show machine protects the tail planes against alu 
is formed by longitudinal wooden stringers covered with contact with the ground. ma 
fabric. The structure underneath the fuselage is formed The Eighty Horse-power Scouting Machine.—In this bar 
in the same way by fabric-covered stringers. machine both the span and the chassis appear to h:ve to t 
The chassis is of the already well-known Bristol type, been reduced to a minimum, for the span is only 22 fvet 71 
consisting of four struts carrying two skids, from which and the chassis is of the simplest imaginable form, con- pla 
are in turn sprung the four wheels. The only noticeable sisting of two pairs of V struts of spruce, from which the ele 
alteration in the chassis appears to be that the rear pair axle is slung by means of rubber shock-absorbers. ‘The wer 
of struts are now sloping backward instead of coming rather wide and deep fuselage is built up in the usual way, spr 
straight down, an arrangement which, we feel inclined to and entirely covered in by aluminium in front and fabric fuse 
think, would impose considerable strain on the diagonal By courteay of Bagincering. in the rear. An 80 horse-power Gnome is mounted on 
eross-wiring. Now, as before, the chassis struts are made Engine and propeller of the Vickers military overhung bearings, and almost entirely covered in by A 
/ * Reproduced from Flight. biplane. an aluminium shield. orig 
Wing section of the 
The neat door-catch Bristol scout. 
fitted on the engine in- 
spection door of the 
Bristol two-seater. 
Sketch of the neat steel fitting 
which joins a chassis strut and a 
coun? wing spar to the lower longeron of 
Chassis and engine housing on Attachment of tail Attachment of lift the fuselage of the two-seater 
Bristol scout. plane on Bristol scout. cable. Bristol. 


View from underneath the hull of 


Nose and grapnel of P. B. 1. biplane. 


P. B. 1. The step in the hull of P. B. 1. 


Attachment of plane strut and 
quick release devices on the E. A. C. 


One of the strut sockets on the 
supermarine P. B. 1. 


seaplane. 
Illustrations courtesy of Flight. 


One of the main floats with its 
attachment on the H. Farman 


The tail planes on the supermarine 
P. Bi. 


The tail float on the H. Farman 
seaplane. 
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by courtesy of Bnginecering. 


The Vickers military biplane. 


The main planes, similar in section, although on a 
reduced seale, to those of the two-seater, are separated 
by one pair of struts only on each side, and are attached 
tv the fuselage by means of a steel clip and vertical bolt 
through the spars. The pilot is accommodated on an 
aluminium seat of the bucket type, and controls the 
nachine by means of a single central column and a foot- 
bar. The column terminates in a double handle similar 
to those fitted on the Prier-type Bristol monoplanes. 

The tail planes consist of a flat non-lifting fixed tail 
plane mounted on top of the fuselage, and of a divided 
elevator. The rudder is of the balanced type, and no 
vertical tail fin is fitted. A small pivoted tail skid, 
sprung by means of rubber shock absorbers inside the 
fselage, protects the tail planes. 

THE SUPERMARINE P.B. 1 (PEMBERTON BILLING). 

Among the newcomers at the Show, one of the most 
original machines is the flying boat exhibited by Mr. 


Pemberton Billing. This machine differs radically from 
any flying boat hitherto turned out in this or any other 
country, and is an attempt to produce, as Mr. Pemberton 
Billing puts it, a boat that will fly rather than an aero- 
plane that will float. The construction of the cigar- 
shaped hull is very interesting. The upper portion of 
the hull consists of two layers of spruce, while the thick- 
ness of the lower portion of the hull has been very care- 
fully proportioned according to the strains imposed 
upon it. Thus at the keel there are five thicknesses of 
wood, while from the keel toward the deck it gradually 
tapers off into four, three and two thicknesses. The 
step of the boat, which forms a separate structure, 
riveted to the main hull, is built up of spruce, mahogany, 
rock elm and ash, beginning with the weaker wood near 
the nose of the boat, and having the strongest wood at 
the step, where the greatest load is taken. 

It will thus be seen that strength is obtained where 


Vickers gun mounting. 


necessary, not only by bulk, but also by careful selection 
of the materials best suited for the purpose. In addition 
to this, the circular construction of the hull has the 
advantage that a pressure applied at any point is trans- 
mitted to the whole surface, thereby making it possible 
to reduce the weight to a minimum and yet preserve the 
necessary strength. The weight of the hull is only about 
200 pounds. Further rigidity is added to the boat by 
internal cross-bracing of,the usual type and bulkheads 
divide the boat into watertight compartments. These 
bulkheads are fitted with manholes in order to allow of 
adjustment of the internal cross-bracing. In the nose of 
the boat rests an anchor or grapnel, which" on being 
released, is shot forward by a strong coil spring. The 
anchor cable passes round a drum in front of the pilot’s 
seat, so that the pilot is able to lower or hoist his anchor 
without leaving his seat. Interesting as the design and 
construction of the boat itself undoubtedly is, the engine 


Method of adjusting the angle 
of incidence of the tail plane 
on the M. Farman. 


The leaf spring, which provides the 
springing of the floats, on the Sop- 
with tractor seaplane. 


Chassis detail of Vickers tractor. 


One of the tail skids of the M. 
Farman. 


The brass channel which 
leads air to the step of the 
Sopwith bat boat. 


Attachment of pulley for aileron 
cable employed on Vickers biplanes. 


plane. 


~ 


The coil springs incor- 
porated in chassis stay 
wires on-H. Farman 
seaplane. 


tractor. 
Illustrations courtesy of Flight. 


Detailed sketch showing method 
of springing on H. Farman sea- 


The leaf spring skid 
on the heel of the main 
skid of the M. Farman. 


One of the wing tip floats on the 
Sopwith bat boat. 


Mounting of altimeter on Vickers 


One of the inspection doors in the 
floats of the Sopwith tractor hydro- 
plane. 
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A neat steel clip which 
takes the place of the 
usual chain link on the 
Farman. 
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Streamline snatch-cleat on the bow 
of the Sopwith bat boat. 


Nose of Vickers gun-carrying 
biplane. 


— 
7 SCIENTIFIC AMERICAN SUPPLEM 2000 
May 2, 1914 E 277 . 
Re. 
j 
a 
yy | 
S 


278 SCIENTIFIC AMERICAN SUPPLEMENT No, 2000 


May 2, 1914 


mounting is even more so, for instead of mounting the 
engine as it is usually done, either in the boat itself or 
between the inner plane struts, Mr. Billing has mounted 
it in a streamline casing of wood, which also encloses 
the tanks. The rear portion of this casing is secured to 
the two front inner plane struts while an additional two 
struts running from the engine down to the deck of the 
boat take the weight of the engine, a 50 horse-power 
Gnome, driving directly a three-bladed propeller. The 
main planes, which are perfectly straight, that is to say, 
they have no dihedral angle, are set at an angle of inci- 
dence of 3 degrees. They are separated by spruce struts 
and cross-braced in the usual way by stranded cables. 
The lower wing tips are protected by floats of a similar 
construction to that of the boat. By introducing springs 
in the cross-bracing of the floats these are allowed to 
travel backward and upward, thus adapting themselves 
to undulations of the water. One of the accompanying 
sketches shows the tail planes, which are mounted on a 
small structure of steel tubes. The pilot’s seat which 
is situated just the rear of the lower plane rear spar, 
is made quickly detachable, so that in case of accident 
the pilot can throw it overboard, and as it possesses 
sufficient buoyancy to keep a man afloat, it serves the 
purpose of the lifebelt frequently worn by pilots of water- 
planes. Control is by means of a single central lever 
and a pivoted foot bar. 

In addition to the complete machine, there is shown on 
this stand a seale model of the supermarine “P.B.3,” which 
Mr. Pemberton Billing was unable to get finished in 
time for the Show. This machine will be fitted with two 
Austro-Daimler engines placed in the hull, and driving 
the propeller through bevel-gearing. Another interesting 
item is the supermeter, which indicates to the pilot his 
height above the surface from a height of 15 feet down- 
ward. Some examples of the three-bladed propellers with 
which the supermarines are fitted will be found to be 
well worth a careful inspection. 

THE E.A.C. STAND. 

Eighty Horse-power Tractor Biplane.—This machine 
is chiefly remarkable for the ease with which it can be 
erected and dismantled. 

It is fitted with an 80 horse-power Gnome engine, 
mounted on overhung bearings in the nose of the fuselage, 
and covered in by an aluminium shield. The fuselage, 
which is entirely covered in, is built up in the usual way 
and follows standard lines. Inside this fuselage are 
arranged the pilot’s and passenger’s seats, tandem 
fashion, with the pilot in front. Control is by means of 
a single central lever and a foot bar. The chassis, which 
is of rather unusual type, consists of streamlined steel 
tubes, of which the rear ones are curved forward and 
upward to form short skids. The tubular axle, which 
rests in slots in the V between the tubes, is sprung by 
rubber shock absorbers, and carries the two wheels, which 
are fitted with large size Palmer tires. 

The main planes, of which the trailing edge is slightly 
longer than the leading edge, are separated by four pairs 
of poplar struts, in addition to two pairs of steel tube 
streamlined struts running from the centers of the front 
and rear spars, and sloping down to the fuselage to a 
point on the upper longerons immediately above the 
point of attachment of the chassis struts to the lower 
longerons. Cross-bracing of the wings is effected by 
means of stout stranded cables, each of which is fitted 
with the combined quick release device and wire strainer 
shown in the accompanying sketch. It is only a few 
minutes’ work to undo these quick releases and the 
bolts which secure the spars to the fuselage, and the 
wings can then be folded flat for packing or transport. 
The tail planes are so mounted on the fuselage that they 
can, by undoing a few bolts, be folded down flat along 
the sides of the fuselage, and thus take up very little 
room. In order to provide the pilot and passenger with 
a better view of the ground below, the wings have been 
left uneovered near the fuselage, and the portion of the 
spars which is thus left uncovered is enclosed in a stream- 
lined casing. The main characteristics of this machine 
are: 


Span of upper plane................. 36 feet 
Span of lower plane.................. 30 feet 
ve 950 pounds empty 
50-75 miles per hour 


THE FARMAN STAND. 

Eighty Horse-power Henry Farman Seaplane.— The 
seaplane follows general Henry Farman practice as re- 
gard its wings, nacelle and tail-planes, but in the chassis 
and float attachments numerous improvements have 
been effected. The main floats, of which there are two, 
are of the plain non-stepped type, and are sprung by 
rubber shock absorbers in the manner shown by the 
accompanying sketches. Each float is allowed to move 
up or down independently of the other, and also to rock 
slightly round its longitudinal axis, thus providing great 
flexibility, and minimizing very considerably the shock 
of alighting. A single tail float of the same type as the 
main floats supports the tail planes when the machine is 
at rest. 


An inspection of the interior of the nacelle reveals a lot 
of interesting instruments not usually fitted on the land 
machines, such as a wireless installation (Rouzet system). 
This apparatus when demonstrated never fails to attract 
a crowd of interested onlookers. The engine, an 80 horse- 
power Gnome, can be started from the passenger’s 
seat by means of a starting handle passing through the 
gasoline tank. 

The pilot’s and passenger’s seats are arranged tandem 
fashion, and are mounted on a very roomy tool-box. 
The passenger occupies the rear seat, on which is mounted 
the transmitting key of the wireless apparatus. The 
rest of the machine, as has been already said, follows 
standard practice, and it so well known that a detailed 
description of it is unnecessary. 

The Seventy Horse-power Maurice Farman.—This is 
similar to the machine which was flown recently at 
Hendon. The chief alteration is the disappearance of 
the front elevator, but several other alterations have been 
effected, for instance, in the tail outrigger and the tail 
planes themselves. In this machine the tail planes 
consist of a fixed tail plane of the monoplane type, to 
which is hinged the elevator, and which is surmounted by 
twin rudders. The angle of incidence of the tail plane is 
adjusted in an ingenious manner shown in one of the 
accompanying sketches, which is, we think, self-explana- 
tory. The arrangement of the pilot’s and passenger’s 
seats is somewhat different from that of the older type, 
for the pilot now occupies the rear seat, from which he 


*‘eontrols the machine by means of the usual Maurice 


Farman-type control. The passenger occupies the front 
seat, and mounted in front of him on a tripod of steel 
tubes resting on the upper longerons of the nacelle is a 
Lewis automatic machine gun which appears to have 
a very wide range of action. The mica wind-shield 
usually fitted has been removed in order to allow of the 
free operation of the gear. 

Other innovations are to be found in the method of 
mounting the gasoline tank, which is now slung in steel 
bands resting on a transverse ash member, which is in 
turn supported on two A-shaped brackets on the upper 
longerons of the nacelle. 

No oil tank is fitted, as a sufficient supply of oil is 
carried in the crankease of the engine. 

In addition to the two complete machines just de- 
scribed, there are shown on this stand two nacelles, one 
Henry and one Maurice Farman, and various excellent 
examples of acetylene welding, sockets, finished parts, 
and model patterns of tanks, which, like the complete 
machines, bear evidence of the high-class workmanship 
which has established such an enviable reputation for 
this firm. An interesting item in the exhibits on this 
stand is one of the original Fabre Floats used on the first 
hydroplane to fly over water on March 28th, 1910. 

THE SOPWITH STAND. 

The 200 horse-power machine exhibited on this stand 
is a development of the bat-boat which won the Mortimer 
Singer prize, and of the later type which has recently 
been delivered to the navy. It is one of the finest 
examples of workmanship at the Show, and is a thor- 
oughly sound piece of work throughout. The boat itself, 
as well as the machine, was built at the Sopwith works 
at Kingston. The boat is built up of two skins of mahog- 
any over ash stringers. It is of the single-stepped type, 
the hull being of the displacement type in front, gradu- 
ally flattening out toward the step, where it is perfectly 
flat. The method of léading air to the step is very 
ingenious. Instead of doing this by leading tubes 
through the interior of the boat, which necessitates 
piercing of the bottom, the same results have been 
obtained by sheet brass channels screwed to the sides 
of the boat, as shown in one of the accompanying 
sketches. 

The engine, a 200 horse-power Salmson, is mounted 
on pressed steel frames on very thick ash bearers, be- 
tween the rear inner pair of the plane struts, while the 
radiator is mounted between the two front struts. The 
inter-plane struts are of ample size, and are all made of 
spruce, with the exception of the inner two rear struts 
which carry the engine bearers, and which have therefore 
been made of ash. The whole structure is further 
strengthened by two oblique struts running down to the 
forward portion of the boat. 

The pilot’s and passenger's seats are arranged side-by- 
side in an extremely roomy cockpit, the pilot occupying 
the right-hand seat. Control is by wheel on a single 
tube for ailerons and elevator, while the rudder is actu- 
ated by a pivoted foot bar. A very complete set of 
instruments is mounted on a neat instrument board, in 
front of the pilot, while in the left-hand side of the boat, 
and in front of the passenger’s seat, is mounted the 
wireless set driven by a motor cycle engine. The main 
gasoline tank, which has a capacity sufficient for four 
and a half hours’ flight, is situated in the boat behind 
the occupants. Gasoline is forced from this tank to a 
smaller service tank between the engine and the radiator, 
whenee it is fed by gravity to the engine. Under the 
pilot’s and passenger's seats are carried two compressed 
air self-starters by means of which the engine may be 


started from the pilot’s seat without the necessity of 
swinging the propeller, a performance which would be 
extremely difficult, if not actually impossible, on a ma- 
chine of this type. The four tail booms form a V as 
seen in plan. These and their struts are made of spruce. 
The fixed tail plane is flat, and is braced by four steel 
tubes running from its outer edges to the lower tail 
boom. The elevator is divided in order to allow of 
sufficient movement of the rudder, which latter is of the 
balanced type. There is no vertical tail fin on this 
machine. It will be noticed that the lower main plane 
has a very pronounced dihedral angle, in order, no doubt, 
to allow the machine to roll considerably without fear 
of the lower planes touching the water, this being further 
prevented by wing-tip floats of similar construction to 
that of the boat. 

Unfortunately the Sopwith’s were prevented, by lack 
of space, from exhibiting more than the one machine, and 
have had to be content with showing one of the main 
floats of their tractor hydro. This float is of similar 
construction, although of a different shape, to that of 
the boat. The workmanship in this float, as well as in 
that of the complete machine, is of the very highest 
quality. The float shown is of the single-step type, and 
has five watertight compartments, each fitted with a 
very neat inspection door. These, as will be seen from 
the accompanying sketch, have beveled edges, and are 
serewed down with butterfly nuts, the opening in the 
deck being rubber faced in order to provide a watertight 
joint. The combined trolley and turntable on which 
this machine is mounted greatly facilitates the operation 
of running the machine from the hangar down to the 
water and vice versa, and would appear to be an absolutely 
necessary accessory for the easy handling ashore of so 
heavy a craft as this. 

An item in the exhibit on this stand which attracts 
considerable attention is the actual Green engine used 
by Mr. Hawker in his waterplane flight round Britain 
last summer. This engine, it will be remembered, flow 
1,043 miles in 5534 hours, or actual flying time, 21 hours 
and 44 minutes, which is claimed to be a world’s record. 

THE VICKERS STAND. 

Two machines are exhibited on the Vickers stand— 
one a 100 horse-power fighting “‘pusher’’ biplane, while 
the other is a fast scouting tractor biplane. The 100 
horse-power fighting biplane is of a somewhat similar 
type to the one exhibited at Olympia last year, with the 
exception that this machine has not staggered planws. 
It is driven by a 100 horse-power Gnome monosoupape 
engine, mounted on overhung bearings in the rear of the 
nacelle. Tho latter structure is made throughout of 
steel tubes covered with aluminium. In the nose of 
the nacelle, and mounted on a universal joint resting on 
the tubular framework, is a Vickers Automatic R. C. 
gun, which has a range of action of 30 degrees in any 
direction from the line of flight. The gun projects 
through a circular opening in the nose of the nacelle, 
while a hemispherical shield is mounted on and moves 
with the gun barrel. This shield is fitted with mica 
windows, through which the gunner obtains his sighis. 
This arrangement enables the gunner to operate the gun 
without the draught of wind interfering with the sighting 
of it. The seats, which are of the bucket type, are 
arranged tandem fashion, the passenger, of course, 
occupying the front seat. The pilot controls the machine 
by means of a wheel mounted on a tubular bridge of 
inverted U-shape. Rotation of the wheel operates the 
ailerons, while a to-and-fro movement actuates the 
elevator. The rudder is worked by a pivoted foot bar 

The chassis is of a different type from last year’s model. 
It consists of two ash skids, carried on four streamline 
steel tube struts. A tubular axle, streamlined with wood, 
is slung from the skids by rubber cord. This machine 
is built of steel practically throughout, with the exception 
of the wings, which have spars of I-section spruce, with 
ribs built up of three-ply webs and ash flanges. The 
lower plane is attached to the nacelle by fitting the spars 
into steel tube sockets running right across the nacelle. 
Streamlined steel tube struts separate the main planes, 
the whole being made rigid by means of stranded cables 
which are all in duplicate. The angle of incidence is 4'4 
degrees, and the planes are set at a dihedral angle of 
1 degree. 

The 100 horse-power tractor scouting machine, 
similarly to the fighting biplane, is driven by a 100 horse- 
power Gnome monosoupape engine mounted on overhung 
bearings. This machine, which it is anticipated will 
prove very fast, is at present fitted with a comparatively 
small tank, which has a capacity sufficient for two hours’ 
flight only, with pilot and passenger; but another tank, 
so designed that it can be fitted very quickly, may be 
carried instead of the passenger, which gives a capacity 
sufficient for 41% hours’ flight. The fuselage of this 
machine is built up in the usual way of ash longerons, and 
ash and spruce struts and cross-members. The pilot's 
and passenger’s seats are arranged in tandem with the 
pilot in the rear, and control is by means of a single, 
central column and a foot bar. The usual set of instru- 
ments is carried on the dashboard in front of the pilot. 
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The tail planes consist of a cambered fixed stabilizing 
plane, semi-circular in plan view, to the trailing edge of 
which is hinged a divided elevator. The rudder is 
balanced, and no vertical tail fin is fitted. A tail skid 
sprung by rubber shock-absorbers inside the fuselage 
protects the tail planes against contact with the ground. 


The chassis is of a very simple type, consisting of two 
pairs of V streamlined steel tube struts. In the V 
between the struts is carried the tubular axle, which is 
sprung by means of rubber cord. The angle of incidence 
on this machine is only 3 degrees, and as the planes are 
absolutely flat on their lower surface, it should prove 


very fast indeed. The main planes are set at a slight 
dihedral angle, 1 degree to be exact. 

In addition to the two complete machines, there are 
shown on this stand several examples of the Vickers- 
Levasseur propellers in the various stages of their con- 
struction. 


The Smallest Object Visible on the Moon* 
By Abbé Moreux, Director of the Observatory 
of Bourges 


“Wuart are the dimensions of the smallest object that 
the human eye, aided by the telescope, can perceive on 
the moon?” is a question often asked by persons not 
familiar with astronomy. Sometimes the question as- 
sumes different forms: ‘‘How near do the most powerful 
telescopes bring the moon?” ‘“‘Is it possible to discover, 
with the telescope, any trace of lunar inhabitants or 
their works?” All of these questions, practically, 
amount to this: “What is the smallest object visible on 
the moon?” 

Now, the reply to this question presents many diffi- 
culties, for the problem, apparently so simple, has not 
yet been completely solved. Furthermore, many writers 
on astronomy have merely repeated arguments taken 
from very questionable souces, without examining them. 

Since the publication of Arago’s ‘“‘Astronomie popu- 
laire’’ I have often encountered, in more or less disguised 
forms, the assertions of that eminent astronomer in 
regard to our telescopic vision of the moon. Arago says, 
in substance, that, as the moon is really at a distance of 
about 240,000 miles, a magnifying power of 1,000 would 
bring it within 240 miles. But at a distance of 240 
miles on the earth we can see almost nothing, for all 
details are invisible. And where is the astronomer who 
can always apply a power of 1,000 to the moon? Arago’s 
conclusion is that, in practice, we can distinguish only 
very large objects, such as huge mountain masses, vast 
plains, circles of enormous diameter, ete., on the moon’s 
surface. 

Now, despite the high esteem in which I hold this 
eminent astronomer, who was also an unrivaled popular 
writer, I am compelled to say that this reasoning is en- 
tirely false. 

Let us take a concrete example. According to Arago, 
magnifying any part of the moon 2,000 times is equiv- 
alent to bringing it within 120 miles, so that we can 
sce it no better than the heights of Monaco can be seen 
from Corsica with the naked eye. But this reasoning 
loses its value when it is applied to objects far above the 
horizon. The visual rays by which we see the moon at 
the zenith traverse a layer of air which is equivalent 
only to the stratum that separates us from a terrestrial 
object 6 miles away, while we view Monaco from Corsica 
through a stratum 20 times thicker. This thick curtain 
of air, more or less opaque, agitated by violent eddies, 
quivering, laden with dust and water vapor, weakens 
every tint, masks every detail and makes the comparison 
worthless. 

Hence it is necessary to attack the problem in a more 
rational manner, beginning with the determination of the 
smallest angular magnitude that the naked eye can 
perceive. Experiment shows that this angle is 30 
seconds. In other words, an object that subtends an 
angle of 30 seconds is just visible to the naked eye. 

It follows that an object having an angular diameter 
of one second can be seen when it is magnified 30 times. 
An are of one second represents about 6,000 feet at the 
center of the lunar disk. Hence we conclude that a 
telescope which magnifies only 30 times will show a spot 
6,000 feet in diameter on the moon’s surface. 

This is the limit of visibility with very small instruments. 
A telescope of 2 inches aperture and a power of 100 will 
reveal objects about 1,800 feet broad, and a power of 300, 
the highest that can be used with a 4-inch telescope, will 
show details measuring about 600 feet. The limit of 
visibility is diminished to 180 feet or 90 feet by employing 
a power of 1,000 or 2,000 diameters. 

All this is theory. The practical limits are somewhat 
different. In these delicate problems of optics, the 
influence of the most important factor is too often for- 
gotten. This factor is the eye of the observer. The 
most powerful telescope does not enable the astronomer 
to see without using his eye. Now this organ, like all 
others, is susceptible of education, and the astronomer’s 
eye requires special training. An astronomer whose 
work has been confined to meridian observations is a 
very poor observer in physical astronomy. 

The training of the eye must be rational and progres- 
sive, commencing with small instruments and low powers, 
and extending gradually to large telescopes and high 
powers, if the perception of fine detail is desired. 

A man who has thoroughly studied astronomy from 
books, but has never made an observation, is always 
disappointed when he uses a telescope for the first time. 
All detail escapes him, because his eye has not been 
trained to see, nor his brain to interpret. In this respect 

* Condensed from an article in Cosmos, 


amateurs are often greatly superior to professional 
astronomers, who are generally engrossed in work that 
has nothing in common with observations in physical 
astronomy. 

From this reasoning, which is based on long experience, 
it might be concluded that the trained eye should ulti- 
mately employ the largest telescopes and the highest 
powers. But this conclusion is false, for it fails to take 
account of another factor which depends on neither the 
eye nor the telescope. I mean the atmospheric obstacles 
to vision. 

The earth’s atmosphere, ever varying in density and 
agitated by winds and currents, is the astronomer’s 
chief enemy. Enlarging the aperture of the telescope 
increases the chance of encountering atmospheric dis- 
turbances. The same conclusion follows from various 
optical considerations, which Prof. Lowell has discussed 
in a masterly manner. All competent observers agree 
that large apertures and high powers can be employed 
only on very few nights of the year. It is often necessary 
to reduce the aperture by means of diaphragms. This 
improves the definition, but it diminishes brightness, 
darkens tints and weakens contrast. 

For these reasons the use of high powers is not to 
be recommended. A well-trained eye can see much detail 
with a comparatively low power, and skilled observers 
employ as low a power as possible, in order to diminish 
the influence of atmospheric disturbances. Very fine 
details can be perceived with a power of 30 or 40 by an 
observer who has previously seen them with high powers. 
In favorable conditions all ordinary details can be ob- 
served with a power of 200, but 300 is used for very fine 
details. An enlargement of 400 diameters almost ex- 
ceeds the practical limit. Unless the definition is 
exceedingly good, the image becomes blurred and un- 
steady, so that the details can be perceived only at 
occasional instants. A power of 400 can be applied to 
the moon, on clear nights when the satellite is high 
above the horizon, but this is the extreme limit. 

We have seen that an object having a diameter of 1,800 
feet can be perceived witha power of 100;a power of 400, 
therefore, will show objects 450 feet in diameter. But 
such an object is at the limit of visibility with this power. 
In order to distinguish its forms and details clearly, a 
power twice as high is required, and this is practically 
unavailable, for reasons already explained. Only in 
exceptionally favorable atmospheric conditions is it 
possible to employ a power of 600, which just reveals 
objects 300 feet in diameter. The best lunar photo- 
graphs show, according to Dr. Weineck, no spots less 
than 2,300 feet in diameter. 

The superiority of telescopic observation over photog- 
raphy is still more marked in the detection of lunar 
crevices and similar elongated objects. A power of 
400, which barely reveals circular craters 450 feet in 
diameter, plainly shows long fissures 165 to 200 feet 
wide, and a power of 600 reduces the minimum width 
to 130 feet. 

Hence a large building like a cathedral or a railway 
terminus, a compactly built village, a marching regiment 
eould not escape telescopic observation. No similar 
evidence of civilization has ever been discovered on the 
moon. 

It would be rash to assert that the limit of telescopic 
power has been reached. Theoretically it would require 
a power of 3,000 to perceive on the moon a round object 
60 feet in diameter, and a power of 60,000 to discover 
an object 3 feet in diameter. But, even if we cannot 
assign a limit to the power of future telescopes, we can 
foresee no method of eliminating atmospheric disturb- 
ances. Great telescopes might, indeed, be installed 
on lofty peaks. At an altitude of about 16,000 feet a 
telescope would be raised above half the mass of the 
atmosphere, but mountain peaks are especially conducive 
to the development of strong air currents. Far better 
definition can be obtained from a wide plain, and a vast 
plateau of great altitude would offer still more favorable 
conditions. 

A huge reflecting telescope, with a mirror 80 inches 
in diameter, is in process of erection at Mt. Wilson, in 
California, at an elevation of 6,500 feet. I am curious 
to know what results will be obtained in direct observa- 
tion. The photographic results will be wonderful, we 
may be sure, but I seriously doubt whether this great 
telescope will add anything to our knowledge of the 
moon’s physical constitution. Hitherto, very large 
telescopes have failed to satisfy the expectations of their 
eonstructors. The best observers, Sir William Herschel 
in particular, have made all of their discoveries in physical 
astronomy with instruments of moderate power, and 


Herschel’s great reflector proved useful only in the 
observation of faint stars. The future will show whether 
or not this view is correct. 


A One-Thousand-Ton Press for Forming 


Large Metal Shapes 
By Frank C. Perkins * 

front page illustration shows a remarkable 
double action toggle drawing press capable of exerting 
a pressure of 1,000 tons. This press is in use in a 
casket manufactory, and a number of samples of the 
work produced in the ponderous machine are seen in 
the foreground. The frame of the press is composed of 
four heavy cast-iron columns, each column being rein- 
forced by two 4%-inch steel rods, the eight rods adding 
materially to the tensile strength of the columns which 
are united near their base by heavily trussed cast iron 
beds, and at the top by stays. 

It will be seen that the machine is virtually a twin 
press mounted on an iron base and otherwise connected. 
This construction allows vertical pressure to be com 
municated to the double ram at four points, the adjust- 
ing gears on the four pitmans being so connected by 
gearing that one handwheel moves them all, the adjust 
ment being exceedingly delicate, one turn of the hand 
wheel giving 1/1,000 inch adjustment. An electric mo- 
tor forms a part of the adjusting device, enabling the 
adjustment to proceed rapidly where the ram is to be 
raised or lowered a considerable amount. 

Hanging on the inner ram by four heavy studs is an 
outer ram which descends with the inner ram for about 
half its stroke, and then stops when the blank-holder 
and lower die come together, at which point it is locked 
in place by four toggle levers, the pressure being ad- 
justable by nuts on the tie rods. These toggles work 
on the wedge principle, and when forced into place by 
adjustable wedges upon the descending ram, transfer 
the pressure of the blank-holder to the frame of the 
machine and not on the main shaft as in a cam press. 

The machine is triple geared, all the gearing being 
cut from the solid block, the five large gears each being 
5 feet diameter and 10 inches face, while the ratio of 
gearing is 200. The friction clutch used on the press 
is of modern type, especially adapted for high speed and 
heavy service. The stroke of the inner ram or punch 
is 28 inches. As much as 24 inches stroke may be given 
the outer ram, but with the press adjusted as shown 
in the illustration, the stroke is 14 inches and capable of 
producing a shell of nearly that depth. 

The two erank shafts are each 10 inches diameter, 
forged from high carbon steel; the pinions are phos 
phor bronze. An adjustable positive knock-out attach 
ment is used in connection with the dies, two of the 
rods which connect the knock-out with the ram being 
shown in the engraving. The press weighs nearly one 
hundred tons, and is capable of exerting a pressure of 
1,000 tons. 

The completed casket is 6 feet long, 20 inches wide, 
and 12 inches deep. The lid is four inches deep, mak- 
ing total height 16 inches, including lid. The several 
operations are: First, cutting the blank; second, draw- 
ing shell to depth of 914 inches; third, redrawing to 
the full depth of 12 inches; fourth, trimming the edge; 
fifth, forming the edge. The operations of the lid are 
similar, omitting the redrawing operation. The press 
is equally well adapted for drawing bathtubs, auto- 
mobile bodies, metallic boats, horse troughs and numer- 
ous articles of large size in steel or copper. 


The Strength of Ants 


AN ant can carry a grain of corn ten times the weight 
of its body; while a man or horse ean carry loads only 
about equal to its bodily weight. 

It is not a fact, however, that the ant is greatly supe- 
rior in strength. If an ant should grow to twice its 
original size, still retaining its geometrical and histo- 
logical structure, its volume and accordingly the weight 
of its body would increase eightfold. Although the 
muscles grow to twice their original dimensions, the 
increase in length does not increase the strength, which 
is proportional to their cross-section, and the ant would 
only be four times as strong as before. As it now earries 
but five times its weight, however, it is relatively only 
half as strong. 

It is calculated that the same ant developed to the 
size of a man would only be able to carry 1/100 of its own 
weight instead of ten times its own weight.— Science 
Conspeclus. 
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Properties of Water at High Pressures and Low Temperatures—I’ 


Five Different Kinds of Ice Discovered 
By P. W. Bridgman, Ph.D., Jefferson Physical Laboratory, Harvard University 


Tue experiments which I am about to describe are 
experiments in the field of very high pressures, which 
is a practically new field. Under conditions of high 
pressure, many of the ordinary properties of matter are 
changed; and the bursting strength of vessels in which 
such pressures are produced is found to bear no relation 
to their strength under ordinary conditions. In con- 
ducting the following investigations on the effect of very 
high pressures on water, it was found necessary to make 


Fig. 1—One of the halves of a cylinder of tool 
steel split by the application of internal pressure. 
The inner hole has stretched from one half inch to 
one and one fifth inches. The maximum pressure 
withstood by this cylinder was 30,000 atmospheres. 


many preliminary experiments on the strength of the 
containing vessels before accurate measurements of 
pressure could be made. In the course of this prelimi- 
nary work many interesting facts concerning the behavior 
of materials under high pressures were disclosed. In 
this paper will be given, first, some of the results of the 
preliminary experiments on the strength of the containers 
and then a description of the experiments made to 
ascertain the effect of high pressures on water. The 
paper will be, in large part, a record of my own experi- 
mental work. 

Ry way of introduction, it is perhaps desirable to give 
some idea of the magnitude of the pressures involved. 
The highest pressures which are ordinarily familiar to us 
are probably those of modern high-power artillery; the 
average firing pressure exerted in many of our large 
guns is about 2,000 atmospheres, or 30,000 pounds per 
square inch. The highest pressures reached in the 
experiments which I am about to describe are ten times 
this amount; that is, 20,000 atmospheres, or 300,000 
pounds per square inch. A pressure of 20,000 atmos- 
pheres, if exerted against a rod of steel one inch square, 
would enable it to support a locomotive weighing 150 
tons. The highest pressure I know of that has been 
previously measured is 10,000 atmospheres; this was 
produced by the explosion of nitroglycerin in a closed 
vessel; it is about one half the pressure recorded in the 
present experiments. Nitroglycerin subjected to the 
pressures attained in the following experiments would 
lose all ability to explode. The pressure exerted at the 
bottom of the ocean at, say,a depth of six miles, is about 
1,000 atmospheres; a pressure of 20,000 atmospheres 
would, therefore, be exerted at the bottom of an ocean 
120 miles deep. If the average density of the rocks 
of the earth's crust is taken as 2.5, 20,000 atmospheres 
is the pressure which prevails at a depth of fifty miles 
below the surface of the earth. 

It should be borne in mind that in all the experiments 
made, the pressures were produced in a liquid, which 
must be held in a container. It is a comparatively simple 
matter to produce pressures as high as 300,000 pounds 
per square inch in a solid piece of steel, but it is another 
matter to maintain such a pressure in a liquid and pre- 
vent all leaking of the latter from the container. 

The most essential part of the preliminary work was 
to design’ a packing that would keep the vessel in which 
the pressures were to be produced absolutely tight, and 
prevent the liquid from leaking from it. The feature of 
the form of packing finally designed is that it is made 
tighter and tighter by the pressure in the vessel itself; 
the greater the pressure obtaining in the vessel, the less 
ean the liquid leak. Most of the packing in ordinary 
use is made tight by compressing it by means of a screw; 
& packing so compressed will leak as soon as a pressure 
is exterted on the liquid it holds back equal to that 
initially produced on it by the screw; further, the pres- 
sures that are here dealt with are much greater than any 
pressures it is possible to produce by such means. The 
ordinary screw-tightened packing is, therefore, always 
certain to leak. With a packing that tightens itself by 


*Abstract of paper presented at the meeting of the Section of 
Physics and Chemistry, and published in the Journal of the 
Franklin Institute. 


the pressure in the vessel, however, the only limit to the 
pressures that can be reached is set by the strength of 
the vessel itself. 

The second part of the preliminary work consisted in 
finding what limits of pressure a steel vessel will support, 
steel being selected as the best material of which to make 
the container. In all the experiments the pressures were 
produced by pushing a piston, by means of a hydraulic 
press, into the cylinder containing the liquid, and this 
means of producing the pressure immediately introduces 
two essentially different problems. The first is the 
consideration of the strength of the steel piston, and 
the second that of the strength of the steel cylinder. 
These problems are independent, as these two parts of 
the apparatus are subjected to different strain. In the 
piston the strain is one of compression, while in the 
cylinder it is one of bursting, or tension. 

It was found by experiment that the best material 
for the piston was glass-hard steel. A steel that is left 
glass-hard is usually too brittle to use, and its temper has 
to be drawn, but this process makes the steel a little 
softer, so that it will not support so high a compression 
as when left glass-hard. Under the conditions in the 
experiments the piston was subjected to a direct com- 
pression, without any tendency to bend, so that its 
brittleness, which would be detrimental under conditions 
of compound stress, was not here objectionable. Steel 
from many different manufacturers was tried, and the 
best grades of steel for this purpose were found to be 
steels which contained some chromium as well as high 


Fig. 2.—Cross section of a cylinder of Bessemer 
steel ruptured by the application of internal pres- 
sure. This cylinder was originally two inches 
outside and one half inch inside diameter. The 
inner hole has been stretched to one and three 
eighth inches. 


carbon. The compression that a piece of glass-hard 
steel will support when it is held rigidly so that it will 
not bend is surprisingly large; several grades of steel were 
found that would support a compression of 600,000 
pounds per square inch, and one grade supported as high 
as 750,000 pounds per square inch. It will be noticed 
that these pressures are about twice as great as the high- 
est pressures recorded in the present experiments. The 
problem of the strength of the piston did not, therefore, 
prove of difficulty. 

The strength of the steel cylinders was also a factor 
which had to be settled by experiment, since it was found 
that no theory of the strength of a cylinder is of any 
value for very high pressures. All ordinary theories 
predict that no cylinder can be stressed to more than 
the tensile strength of the steel, no matter how thick are 
its walls; thus if the tensile strength of the steel is 150,000 
pounds per square inch (as it is for many grades of high 
carbon steel’, then theory predicts that it is impossible 
to maintain a pressure of more than 150,000 pounds per 
square inch in a cylinder, even with infinitely thick walls. 
It is, however, of no particular use to make a cylinder of 
more than a certain thickness, for the reason that the 
inside layers support most of the pressure; the outside 
layers of the material of a very thick cylinder do not 
take up the stress of the inner layers, and the cylinder 
flows at the inside at a certain pressure. A few rough 
experiments showed the actual pressure that a cylinder 
can support to be much in excess of that predicted by the 
ordinary theory; this is on account of the fact that when 
the pressure reaches a certain value the inner layers do 
not break, but stretch, and thus allow the outer layers 
to assume some of their share of the load. It was found 
that the most efficient way to make a cylinder support a 
high pressure was first to stretch it on the inside by 
applying a much higher pressure than it was intended 
to maintain in practice, and then to machine it to its 
final diameter. A cylinder treated in this way is in a 
state of internal strain, exactly as is a gun which has 
hoops shrunk on it from the outside, the tension in the 


hoops inducing initial compression in the interior of 
the gun. When pressure is produced in such a gun, it 
removes the compression from the inner layers of the 
material and the tension of the outer layers is increased. 
But it has been shown that the tension in the inner 
layers increases more rapidly than that in the outer, and 
it can be seen, therefore, that in time, the increasing 
tension in the inner layers neutralizes the compression 
which existed there initially and eventually equals the 


Fig. 3.—View of the outside of the cylinder shown 
in Fig. 2, taken before the section was made. 


increasing tension of the outer layers, with the result 
that finally the stress throughout the mass of the cylin:ler 
is one of uniform tension. In an ideal condition all 
parts of the cylinder would be ready to break at ‘he 
same time, and then the maximum possible strencth 
would result; in any actual case it is, of course, impossible 
to reach this ideal, but, with the cylinders subjected to 
a preliminary stretching, it can be approached much more 
nearly than even in a built-up gun. There are other 
considerations, which need not be gone into here, which 
come into foree when the cylinder becomes very thick. 
In actual practice, as already stated, very little is gained 
in making the cylinder of more than a certain thickness. 

The best steel to use for the cylinder is found to be a 
steel which will stretch considerably before breaking, but 
which has, at the same time, a high tensile strength. 
The glass-hard steel used for the piston would not serve 
at all for this purpose, as a cylinder made of such material 
would inevitably crack at the inner layers, instead of 
stretching, and so would not allow the outer layers to 
assume their share of the load. The steels found most 
suitable are those tough steels that have been put upon 
the market to meet the demands of the manufacturers 
of automobiles. One steel made by Krupp was found 
very good, but best of all was a steel made in this country 
by the electric furnace method; this steel is a chrome 
vanadium steel, and has, when hardened in oil, a tensile 
strength that may reach as high as 300,000 pounds per 
square inch. The highest pressure that I have ever 
found it possible to reach in a cylinder has been 40,000 
atmospheres, or twice the highest pressures at which I 
have made accurate measurements. 

In the preliminary work on steel cylinders, many 
cylinders were broken. This gave opportunity for in- 
teresting observations on the manner of rupture at high 
pressures, and two facts not to be expected according to 
ordinary theories were noted. The first was the enor- 
mous amount of stretch that the steel at the inner layer 
of a cylinder will support without rupture; this is well 
shown in Figs. 1,2, and 3. In the first figure the cylinder 
was originally one half inch in diameter, but it stretched 
to one and one fifth inches before breaking. This same 
specimen of steel, if tested for tensile strength in the 
ordinary way, would have broken when the strain had 
become about 30 per cent, whereas here the strain was 
about 140 per cent before the rupture took place. The 
second observation was that in all the cylinders tested 
the break started at the outside, where the stress and 
the strain are both least; this was observed in all the 
steels used. There is reason to believe, however, tliat 
very brittle substances like glass would break at the 
inside, as predicted by the ordinary theory. The fact 
seems to be that if the substance is brittle it will break 
at the inside first, but that if it is at all plastic it will 
break at the outside first, the crack traveling inwar:. 

In addition to the data obtained regarding the manner 
in which materials break at high pressures, many otlier 
peculiar facts were noted during these preliminary tes‘s. 
Perhaps the most interesting of these is the increase in 
rigidity experienced in substances ordinarily soft ad 
pliable. A striking example of this is afforded in the case 
of paraffin, which under pressures as high as 20,(0 
atmospheres becomes more rigid than soft steel, so that 
if paraffin is forced to flow by the application of a very 
high pressure, and a piece of soft steel is imbedded in it, 
the steel will flow with the paraffin and will become 
distorted and twisted with the latter. Soft rubber also 
becomes very hard and brittle under high pressure; in 
one experiment a soft rubber washer became so brittle 


amoul 


eentin 
gas; 
bottle 
ing th 
bottle 
by th 
bottle 
causin 
tion. 

an an 
that § 
At th 
is fille 
jar, ji 


i that 

tact 

into 

rubb« 

At 

the st 

the 
| which 
solid 
have « 
stream 
=~ have | 
excep! 
porosi 

Wu 
floor 
happs 
rise 2 
was (1 
are 
absor} 
by gi 
both « 
4 
why 
yeas! 
absor! 
; the 
: diselia 
rl 
ut Pla 
| in vol 
arralis 
the or 
platin 
then : 
draw 
The 
absor! 
: flue 
and tl 
are ar 
and 1] 
the w 
water 
cent 1 
as 
12 per 
the «: 
v 
\ 
| 
3 

Fig. 1 


ior of 
un, it 
of the 
inner 
r, and 
passing 
eSsion 


ls the 


wr 


result 
lin«ler 
mn all 
t the 
encth 
ssible 
ed to 
more 
other 
which 
thick, 
ained 
Mess. 
4 but 
ngth. 
serve 
terial 
ad of 
rs to 
most 
upon 
urers 
ound 
intry 
rome 
snsile 
s per 
ever 
0,000 
ich I 


nany 
r in- 
high 
ng to 
pnor- 
layer 
well 
inder 
ched 
same 
the 
had 
was 
The 
astod 
and 
| the 
that 
the 
fact 
will 
ard. 
nner 
ther 
ests. 
in 
and 
case 
L000 
hat 
n it, 
pme 
also 
im 
ttle 


May 2, 1914 


SCIENTIFIC AMERICAN SUPPLEM 


ENT No. 2000 


that it cracked like glass, and a soft steel washer in con- 
tact with the rubber was forced by the pressure in ridges 
into the cracks in the rubber, thus showing that the 
rubber had become harder than the steel. 

At the beginning of the experiments it was feared that 
the steel of the cylinder might become porous under very 
high pressure, causing the liquid to be forced through 
the solid walls. No instances were found, however, in 
which the liquid had been forced, by pressure, into the 
solid metal to any appreciable depth. Many instances 
have occurred in which a liquid has been blown in a solid 
stream through apparently solid steel, but all such cases 
have heen traced to flaws in the steel. The only apparent 
exception is the impossibility of retaining mercury in a 
cylinder under a high pressure, as the mercury invariably 
finds its way through the walls and usually ruptures the 
eylinder. The explanation of this was found to be, how- 
ever, that the mercury amalgamates with the steel under 
high pressure, so that this is not properly a case of 
porosity. 

Another all-important task in the preliminary experi- 


ments, in addition to that of finding what pressures the 
steel vessels could stand, was to devise some way of 
accurately measuring the pressure. It need hardly be 
said that none of the ordinary pressure gages are of the 
slightest service at these high pressures, and some means 
of measuring pressures other than with an ordinary gage 
had, therefore, to be devised. The very simplest method 
that can be conceived proved to be the best in this case. 
It consists in inserting a steel piston through a hole in 
the wall of the cylinder and measuring the force necessary 
to prevent it from being blown out by the pressure within. 
There are many mechanical difficulties in realizing such 
a method as this, the most obvious being to overcome 
leakage. To do this the piston must fit the hole tightly, 
but at the same time must fit so freely that there is not 
enough friction to destroy the accuracy of the readings 
obtained by its means. It was found possible, by using 
a small-diameter piston fitting into a comparatively 
long hole, to take care of both these factors. With the 
gage as finally constructed, pressures up to 13,000 
kilogrammes per square centimeter were measured with 


an accuracy of one tenth per cent. After high pressures 
had been successfully measured with such a gage, it 
was found possible to construct gages of a much more 
convenient form for actual use, and to calibrate them 
against this, which became an “absolute” gage. One 
gage that I have used in most of my later work is a 
manganin resistance gage, which consists of a coil of 
manganin wire placed in the pressure cylinder and 
connected through insulated leads with apparatus for 
measuring the resistance. The electrical resistance of 
this coil is found to change with changes of pressure in 
the cylinder. In the case of manganin, the resistance 
increases as the pressure increases, and by comparing 
with the absolute gage the increase was found to be almost 
exactly proportional to the increase of pressure. On ace 
eount of this, manganin is a very much more convenient 
material to use than any pure metal, since the resistance 
of all pure metals decreases as the pressure increases, and 
the decrease is, moreover, not proportional to the increase 
of pressure. 
(To be continued.) 


How a Carbon Dioxide Recorder Works* 
By Charles H. Bromley - 


WEN you use a sponge to soak up water from the 
floor you do not consider that anything remarkable has 
happened. You have seen the tanks at the gas works 
rise xs they filled with gas, and drop down as the gas 
was discharged, and you thought that a usual proceeding. 

The principal reasons why a CO; recorder records CO, 
are rvally no more mysterious nor remarkable than the 
absorption of water by a sponge, or the inflation of a tank 
by gis. Practically, the same physical actions occur in 
both cases, but the things we use are different. 

Be-ause chemicals have unfamiliar names, is no reason 
why we should shy at them any more than we shy at a 
yeas! cake, which isachemical. Some chemical solutions 
absorb certain gases just as a sponge absorbs water. You 
know that to relieve a gas-bound ammonia pump you let 
the as discharge into a pail of water. If the gas were 
discharged into the room the fumes would be quite dis- 
agrecable, but when discharged into the water the gas is 
absorbed like water by a sponge. 

Platinum sponge will absorb a surprisingly large 
amount of hydrogen gas, and the sponge will not increase 
in volume. To prove that it will absorb this gas we will 
arrange two bottles, asin Fig. 1. One is filled with water, 
the other with hydrogen gas. We suspend a piece of 
platinum sponge in the gas as shown. The sponge will 
then absorb the gas, create a vacuum in the bottle and 
draw into it water from the other bottle. 

The first experiment showed that some substances do 
absorb gas. We will now experiment with a sample of 
flue gas of 100 cubic centimeters; 12 per cent is CO, 
and the other 88 per cent is made up of other gases. 

We have four bottles, Fig. 2, one containing 100 cubic 
centimeters of water; one, 100 cubic centimeters of flue 
gas; one with a caustic-potash solution, and the last 
bottle we will consider inverted and full of water. Open- 
ing the pinch cocks on the rubber tubes connecting the 
bottles, lift the water bottle to the position indicated 
by the dotted lines. The water flows into the second 
bottle, foreing the 100 cubic centimeters of flue gas out, 
causing it to bubble up through the caustic-potash solu- 
tion. After the gas has passed through the solution, 
an analysis would show no CO:, but it would show 
that 88 cubic centimeters of other gases were present. 
At the beginning of the experiment the inverted bottle 
is filled with water and is sealed by a little water in the 
jar, just as the spring-water-bottle drinking fountains 
are arranged. If the flue gas contains 12 per cent CO; 
and this bottle is lifted as the gas comes into it, so that 
the water levels in the jar and bottle are the same, the 
water will run down to the 88 cubic centimeters or per 
cent mark and the gas will be at atmospheric pressure, 
as it has been throughout the experiment. The other 
12 per cent of the gas or the CO; did not get through 
the caustic potash. This experiment demonstrates that 


* Reproduced from Power. 
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Fig. 1.—Absorption of gas by platinum sponge creates 
vacuum in bottle. 


a caustic-potash solution absorbs only the CO, in the 
flue gases but allows the other gases to pass through. 
About the same process as that gone through in this last 
experiment goes on in a CO, recorder. 

In the recorder the chemical or ‘‘sponge”’ which absorbs 
the CO: is caustic potash. The pen which marks the 
chart is attached to the top of a gas bell that rises and 
falls as it is filled with and emptied of the CO: gas, just 
as the tanks at the gas works rise and fall. 

Before continuing, let us understand why we say such 
and such a percentage of CO:. Percentage means “by 
the hundred,” and 10 per cent or 12 per cent means 10 
or 12 parts of a total of 100 parts. The total of 100 
parts, or 100 per cent, may be any quantity we choose 
to make it. In measuring CO,, all or 100 per cent of the 
sample of gas taken from the flue is 100 cubic centimeters 
or a little over 6 cubic inches. When the flue-gas analysis 
shows 12 per cent CO, we know that 12 parts, or 12 cubic 
centimeters of the 100 parts, or 100 cubic centimeters, is 
CO; gas. 

Fig. 3 shows the essentials of a CO». recorder, and 
when you understand it, you will understand how and 
why any CO; recorder works. The gas is brought from 
the boiler uptake and passed up through the filter, 
which contains a bottle nearly filled with oil or water 
to take out the soot in the sample. Gas flows into the 
measuring bottle, which holds exactly 100 cubic centi- 
meters, or about 6 cubic inches. The sample having 
been measured, it goes to the “‘sponge,’’ or caustic-potash 
solution, where all the CO: gas is absorbed, and the rest 
bubbles through the solution and fills the receiver bottle. 
From the receiver bottle the gas is led to the gas bell, 
which has a water seal so that gas cannot escape to the 
atmosphere. This bell and the pen arm rise and mark 
the chart against which the pen bears. When the mark 
is made the gas is discharged to the atmosphere. The 
chart drum is revolved by clockwork, as usual. 

As the caustic potash absorbs only CO2, we see that if 
the measured sample is high in CO2, there will be less gas 
going through the solution to fill the gas bell, and the 
pen will not make as long a mark as when more gas is 
passing through the solution. On a recording steam 


Fig. 2.—The caustic potash absorbs the CO, 
but the other gases pass on. 


gage or thermometer the pen makes a longer mark as the 
pressure or temperature increases from the zero point 
on the chart. This is not so with the CO; recorder of 
this sort. The greater the CO: percentage, the shorter 
the mark. 

To get the gas into and out of the measuring and re- 
ceiving bottles, caustic-potash tanks, gas bell, ete., many 
siphons and traps are required. The motive power for 
most CO; recorders is a stream of water flowing from a 
pet-cock. As the stream is increased the machine works 
faster; that is, it makes a greater number of readings 
per hour. With the usual CO, machine about seven or 
eight readings per hour will produce a good chart. 


Organic Synthesis and Emil Fischer 


Since WoOhler’s first synthesis of a natural organic 
compound, the chemist has succeeded in building up 
nearly all the natural compounds from their constituent 
elements in his laboratory; indeed, the synthesis of the 
sugars, the polypeptides, the alkaloids, uric acid and 
its derivatives are some of the greatest triumphs of 
the chemist. Much of the success in this field is due 
to the genius of Emil Fischer, and though he has cele- 
brated his sixtieth birthday he shows no signs of relax- 
ing his labors, being now responsible for another great 
achievement. The importance of the nucleus in the 
cell needs no emphasis, and therefore the value of the 
recent work, more particularly of Levene and his col- 
laborators, in America, on its chemical composition has 
been widely recognized. In brief, the nucleic acids are 
composed of glucosidic compounds of purine derivatives 
combined with the carbohydrates to which phosphoric 
acid is also coupled. The synthesis of such a glucosidic 
compound of sugar and purine has long been essayed, 
but it is only now brought to a successful conclusion. 
Once the principle of the method of making them has 
been made clear all kinds of purine derivatives can be 
coupled with the carbohydrates, and when phosphoric 
acid has been introduced into the molecule the complete 
synthesis of the nucleic acids will have been achieved.— 
Nature. 


Fig. 3.—Here, in simple form, are the essentials of a 
carbon dioxide recorder. 
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Dust Explosions’ 


Their Nature and Precautions for Preventing Them 


Tue dust problem has become a very serious one in 
many industries, both from the hygienic standpoint, 
and on account of the fearful explosions that frequently 
oceur in plants in which combustible dust is produced. 
The limits of space prevent us from properly considering 
the bearing of dust upon the health of the employees 
in the present article, but we may say in passing that the 
danger to health is often very marked. Throat and lung 
diseases are particularly likely to result from the inhala- 
tion of dust-laden air, and the efficiency of the workers 
is also reduced by the presence of considerable quantities 
of dust, because they cannot give their undivided atten- 
tion to their work when breathing air that is filled with 
irritating and offensive particles of solid matter. Dust 
of a gritty nature is also detrimental to the machinery, 
and particularly to the working parts of fine machinery, 
where it may increase the wear in a marked degree. 

Important as the hygienic aspect is, we shall mainly 
dwell, in this article, upon the explosion hazard to which 
dusty mills and factories are subject. Dust has been 
regarded as an unavoidable evil in small plants, but this 
opinion is altogether erroneous. Dust can be eliminated 
or greatly reduced in the small plant, without prohibitive 
expense; and it is well worth the while of the employer 
to give the subject careful attention, not only on the 
score of health, but also on account of the danger of ex- 
plosion to which he is constantly exposed if he fails to 
do so. 

NATURE OF DUST EXPLOSIONS. 

A dust explosion consists in the exceedingly rapid and 
often almost instantaneous combustion of myriads of 
little particles of solid matter, held in suspension in the 
air. At first thought it may appear absurd to assert that 
serious results can follow from such a cause, but ex- 
perience and reflection show the error of such a judgment, 
and prove the danger of dismissing the hazard from 
consideration. We have known a man to point to a 
barrel of flour and ask derisively if there is anything 
explosive about it; and there are many who are still 
tempted to dispose of other grave occupational dangers 
in a similar flippant manner. A barrel of flour certainly 
is not explosive in the same sense that a case of dynamite 
is. So long as the flour remains compact, and confined 
in a small bulk, it is combustible, but not explosive. If 
the same flour is distributed through the air in the form 
of dust, however, the situation becomes changed in the 
most vilal manner, and if the quantity of flour present 
in each cubie yard of the air comes within certain limits, 
the mixture of air and dust becomes exceedingly dan- 
gerous. 

Dust explosions may be started in various ways, and 
when the combustion of the suspended dust has once 
bezun, the flame spreads through the air with lightning 
speed, often giving rise to appalling devastation. The 
difference between suspended dust and dust lying in a 
quiescent, compact mass, may be clearly illustrated with 
lyeopodium powder, which was formerly in general use 
by druggists for coating pills, to prevent them from 
sticking together. A little heap of the powder can be 
set afire, with some trouble, but it does not show evidence 
of any explosive properties. If a small quantity be taken 
up in the end of a glass tube, however, and blown through 
the flame of a spirit-lamp, it burns explosively and with 
a brilliant flash of light. This experiment is simple and 
instruetive, but it should be performed with care. The 
quantity of powder used should be quite small, and the 
glass tube should be of sufficient length to enable the 
experimenter to keep his face well away from the spirit- 
lamp flame. 

A particle of combustible dust, when burning while 
suspended in the air, heats a little shell of air immediately 
around it to a high temperature. The air thus heated 
expands very quickly and forcibly, and to get a clear 
idea of what happens in a dust explosion we have merely 
to imagine this action repeated almost simultaneously 
about every one of the thousands of millions of particles 
that are involved in the explosion. It will be plain that 
the total effect may easily be prodigious and quite capa- 
ble of killing men, blowing down walls, and doing other 
damage of like nature, such as we actually observe when 
dust explosions occur. 

DESTRUCTIVE ENERGY OF A DUST EXPLOSION. 

The amount of dust that must be present in the air to 
make an explosive mixture will naturally vary to some 
extent with the nature of the substance, and the subject 
has not yet been fully investigated by experiment. Two 
ounces or more of fine coal dust per cubie yard of air 
makes an explosive mixture, and it is probable that the 
proportion is not greatly different for dry organic dusts 
in general. This will serve as a basis, at least, for an 
illustrative calculation, to show that the energy of a dust 
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explosion may be very great. Let us consider starch 
dust, for example, assuming that each cubic yard of the 
air contains two ounces of the starch. A pound of dry 
starch, in burning, gives out about 7,600 British thermal 
units of heat, and two ounces of it would therefore give 
out about 950 units, which is the amount of heat that 
would be liberated in each cubic yard of air, under the 
assumed conditions. This could not all be exerted in the 
production of mechanical energy; but if we assume that 
five per cent of it could be so exerted, we find that the 
amount of heat that could be transformed into mechanical 
work, as the result of the explosion of the starch in one 
cubie yard of air, would be 47.5 British thermal units, 
which are equivalent to more then 3,600 foot pounds. 
In other words, the mechanical energy actually avail- 
able for the performance of destructive mechanical work, 
in the case of a starch-dust explosion, may easily be as 
great as 3,600 foot pounds for each cubic yard of the 
air in the space in which the dust occurs. A million foot- 
pounds of mechanical energy, available for the destruc- 
tion of the building, could therefore be developed in a 
room of very ordinary dimensions. This calculation, 
which is given for illustrative purposes only, proves that 
dust explosions are well worthy of the most serious 
attention, and that those who lightly dismiss them from 
consideration are grievously in error. 
CLASSIFICATION OF DUSTS. 

Dust explosions may occur in connection with the 
handling of materials of any kind, if they are combustible 
when finely divided. It is hardly necessary to say that 
some materials are far more dangerous than others, but 
even metallic powders may be capable of exploding 
under favorable circumstances. 

The following incomplete list indicates some of the 
substances that are most likely to form explosive dusts 
under conditions that may occur in manufacture or 
handling: Coal, soot, wood-dust, cork, tanning bark, 
grain, malt, flour, starch, sugar, wool, organic fabrics of 
various kinds, oakum, metallic dyes, bronze, resins, 
celluloid, sulphur, and naphthalene. ae 

It is convenient to divide explosive dusts into two 
general classes, as follows: 

Class 1: Dusts which propagate the flame readily, and 
ignite so easily that an explosion would almost certainly 
be produced by lighting a match in the dust-laden space. 
This class includes sugar, dextrine, starch, cocoa, rice 
refuse, meal and sugar refuse, cork, fine wood-dust, malt, 
oat husks, grain in flouring mills, maize, grain in storage, 
corn flour, and flour in flouring mills. 

Class 2: Dusts which are readily ignited, but which 
ordinarily, though by no means invariably, require a 
source of heat (such as an are lamp) of larger size and 
higher temperature, or a source (such as a gas jet or other 
flame) that acts for a considerable time. These include 
the dusts from gum, leather, rice milling, sawdust, grist 
milling, mustard, shoddy, and shellac compositions. 

The dusts in class 1 are arranged approximately in the 
order in which experience has shown them to be most 
hazardous. It must not be inferred from this, however, 
that the last ones in the list are reasonably safe, because 
all the substances that are enumerated are dangerous. 
The earlier ones are merely considered to be more dan- 
gerous. 

Sugar, dextrine, starch, and cocoa, it will be seen, are 
classed as the most hazardous of all, and many fearful 
explosions have resulted from the dust of these sub- 
stances. Sugar dust ignites without contact with actual 
flame, if it is projected against a surface heated to 1,400 
degr. Fahr. 

COAL DUST. 

Coal dust has caused many serious accidents, partic- 
ularly in mines; and while we cannot give an adequate 
treatment of the subject of coal-dust explosions in a 
general article like the present one, the gravity of the 
subject calls for a short discussion. 

Coal contains compounds of at least two different 
types, one of which is decomposed by heat more readily 
than the other. Coal may be regarded, in fact, as a 
mixture of degradation products formed from the cellu- 
lose of the original coal plants, and cemented together 
by the changed resins and gums of those plants. The 
inflammability of the dust that it produces depends to a 
considerable extent upon the proportion in which these 
two general constituents occur. Dust from a coal that 
gives off inflammable gases when moderately heated, 
will naturally explode more readily than dust from a 
variety that gives off but little gas under these conditions. 

Coal dust lodges in great quantities upon the side 
walls and timbers of the mines, and it is vigorously stirred 
up and intimately mingled with the air when shots are 
fired. To avoid this as far as possible the walls and tim- 
bers should be thoroughly wet down before every blast, 


to some distance from the face of the working. No ex. 
plosives should be used except the so called “permissible” 
ones, which yield very small flames of the shortest. pos. 
sible duration. Electric firing is also highly recom. 
mended, because by its adoption the various charges cap 
be fired simultaneously; whereas in fuse firing tho first 
discharge stirs up the dust, and the flame from tho later 
ones may set it afire. 

Stone dust is sometimes used in mines, to cover up 
or dilute the coal dust and thereby retard or prevent 
its explosion. Much has been written, for and against 
this practice. It has been proved that stone dust does 
raise the ignition point somewhat, and some of the best 
authorities assert that it is no more injurious to the lungs 
of the operatives than coal dust itself. In our opinion, 
however, the introduction of stone dust is a mistake, 
because it is far better to remove the dust that is al- 
ready in the mine, than to leave it there and add more 
dust of a different kind. 

CAUSES QF DUST EXPLOSIONS IN MANUFACTURING PLANTS, 

Dust explosions in manufacturing plants are mainly 
brought about by the following general causes: 

1. Clouds of dust falling from beams, rafters, and 
other overhead lodging places, upon burning gas jets, 
lighted matches, or other exposed flames, or upon over- 
heated machinery. 

2. Carrying naked lights, such as candles, oil |amps, 
lanterns, or defective safety lamps, into dusty mills, 
and especially into dust-collecting chambers or other 
confined spaces. 

3. The accidental production of sparks from nails, 
stones, or particles of grit, coming into contact with 
moving parts of machinery. 

4. Drafts, carrying dust-laden air into the boiler room 
or into other places where there is a fire or an open flame. 

5. The heating of machinery from improper align- 
ment, or poor lubrication, or any other cause. 

If these various main causes are avoided, much will 
be accomplished toward the prevention of dust oxplo- 
sions, although various minor and occasional causes 
would also have to be considered before entire immunity 
could be had. We proceed to consider some of the various 
preventive measures in detail. 

PREVENTION OF DUST EXPLOSIONS. 

The first and most obvious thing to do, is to avoid the 
production of dust so far as this is possible. In handling 
and transporting grain, for example, care should be taken 
to treat it so that the shells of the kernels will not be 
torn more than can be avoided; and other precautions 
having similar objects will suggest themselves in nearly 
all dusty industries. 

Exhaust hoods with suction pipes should be fitted, as 
far as practicable, to every machine that generates dust, 
in order that the entrance of dust into the air of the gen- 
eral plant may be prevented as completely as possible. 
The most effective plan is to attack the dust where it is 
produced, rather than to expend all one’s thought and 
energy in attempting to control and remove it after it 
has spread over the entire plant. The escape of the dust 
cannot be wholly prevented, but it can be cut down so 
effectively that the labor of keeping the plant clean will 
be greatly diminished. 

Accumulations of dust on beams and other lodging 
places, and on the side walls of the rooms, should be 
prevented. In many plants where this precaution is 
neglected large amounts of dust find lodgment about the 
rooms, and a slight jar to the building, or a sudden draft 
of air, may throw down large quantities of it. Dust 
which has already accumulated on such lodging places 
should be faithfully and carefully removed, and the lodg- 
ing places should be cleaned off periodically, at intervals 
short enough to prevent further accumulations of con- 
sequence. The necessary frequency will vary greatly 
in different plants, but a good rule is, to do the work 80 
often, and so thoroughly, that very little is obtained at 
each cleaning. The importance of cleaning was illu* 
trated, a short time ago, by a serious accident in which 
a large belt broke and dislodged some dust that had accu- 
mulated on an overhead beam. The dust fell in a cloud 
upon an open light and an explosion followed. If this 
beam had been kept clean, the explosion would have 
been prevented. Special care should be exercised when 
cleaning is going on, not only to avoid stirring up the 
dust, but also to avoid spilling any that has been col- 
lected. In one case that has come to our attention 4 
workman dropped a pail of dust that he had collected 
from an overhead beam, and an explosion followed from 
the contact of the contents of the pail with an open light- 

In cleaning by sweeping off the beams, walls, window 
sills, and other lodging places, it is almost impossible 
avoid stirring up the dust to a considerable extent. Vae 
uum cleaners are therefore strongly recommended, * 
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being far safer, and equally effective if they are of the 
right type. Open-work girders and lattice work should 
be boxed in, and the tops of beams and other like places 
should be covered with caps shaped like an inverted V, 
so that the dust may have as little resting place as pos- 
sible. These caps should fit tightly, so that dust cannot 
get under them. Window sills and ledges along the walls 
and elsewhere should also have sloping surfaces, set at 
too steep an angle to permit the lodgment of dust. Too 
great an emphasis cannot be placed upon the value of 
thorough cleanliness in every part of the plant. The 
floors should be kept sprinkled, wherever this is practic- 
able. The dust that is caught up by the suction hoods 
should be drawn into flues and stored in an outside 
building or compartment, of open-work construction, 
that will offer little resistance in case of explosion. There 
should be a clear space around this storage place, and 
no building or other obstruction should be located in 
the probable line of action of an explosive outbreak. 
Thorough and effective ventilation is exceedingly im- 
portant also, but it should be conducted so that the dust 
laden air is always drawn away from places where fires 
are burning, or where open flames or heated bodies of 
any kind must be used. For this reason the ventilation 
should be obtained by the use of exhaust fans, so that 
the direction of the air-currents can be better controlled. 
In many cases the value of the dust that can be saved by 
the use of such exhaust fans will more than counterbalance 
the cost of operating the entire ventilation system. In 
one of the German plants visited last summer by the 
American Society of Mechanical Engineers, more than 
two cubie yards of solid cement dust were recovered in 
this way, every day, from the air of the plant. This 


particular dust was not inflammable, but it was well 
worth saving for its own sake, and the health of the 
employees was also greatly promoted at the same time. 
It is much better to have this cement stored up in the 
bins of the factory, rather than in the lungs of the em- 
ployees. 

Matches should never be lighted in plants that are 
likely to be subject to dust explosions, nor even carried 
into them; nor should candles, gas jets, oil lamps, lanterns 
or lighted cigars, cigarettes, or pipes be admitted. The 
only form of artificial light that should be permitted is the 
incandescent electric lamp. The bulbs of these lamps 
should be protected by strong wire cages, to prevent 
breakage, and it is advisable to enclose each bulb in a 
vapor-proof globe. The fuses on the light and power 
circuits, and the switches that operate the lamps, should 
be located in hall-ways or in other places where the air 
is as free from dust as possible. Portable electric lamps 
should be used in the place of lanterns, in case lights of 
this kind should be needed. The electric wiring should 
be installed with extreme care, and all electrical con- 
ductors should be thoroughly insulated and laid in pipes. 
Electric motors should not be installed in any space 
where dust is likely to occur. 

Machines of all kinds should be carefully watched to 
see that they do not become overheated in any part. 
Millstones often heat up considerably if the feed is stop- 
ped, and when it starts again the material that is being 
ground may pass between the stones at a high temper- 
ature, and an explosion in the chute may result. If the 
stones or the space between them become overheated, 
the machine should be stopped and allowed to cool off 
before the work is continued. Various devices have been 


invented to give an alarm when the space between the 
stones becomes heated to a dangerous temperature. In 
one of these, which appears to work well in practice, the 
heat causes the air in a small chamber to expand and 
to push out a diaphragm, so that an electrical connection 
is made and a warning bell is sounded. 

Grain and other material of a granular nature should 
be sereened shortly before grinding, to remove any nails 
or other bits of metal that may have found their way 
into it, and which might strike sparks between the mill- 
stones. It is also advisable to pass it over fixed magnets, 
for the same purpose, 

Large belts, it is well known, often emit static electric 
sparks, and it is quite conceivable that these may be 
responsible for some of the serious dust explosions that 
have occurred from unrecognized causes. It is difficult 
to control these sparks completely, and it is therefore 
safest to keep rapidly-running belts out of the rooms 
in which dust is likely to oceur, so far as this may be 
practicable. The sparking may be diminished by ground- 
ing all the machinery, and keeping the air moist in the 
neighborhood of the belt and its pulleys. 

Processes, in which dangerous dust is produced, and 
which cannot be effectively safeguarded by methods similar 
to those here indicated, should be conducted in separate 
buildings placed at same distance from the rest of the 
plant, and preferably only one story in height. The 
machines in a building of this kind should be so arranged 
that they can be stopped and started from the outside. 
The building should also be fitted with self-closing and 
self-locking doors, which cannot be opened from the 
outside without a key. This lessens the probability of 
workmen entering it while the machinery is in motion. 


An Index of the Work of the Heart * 
By Joseph H. Barach, M.D. 

Tus far we have had no reliable method for estimat- 
ing the functional capacity of the heart, although much 
has been written on the work done along this line, nor 
have we a certain and easily applicable method for 
determining the velocity of the blood. Aside from these, 
we need an index to the intravascular tension and to the 
amount of energy which the circulatory system expends 
in the course of a minute, an hour or a day. We need 
these particularly when we are dealing with cases in 
which the heart or the blood-vessels are endangered. 

The best means which we have at present for deter- 
mining the expended energy of the circulatory system 
is the use of the mercury manometer. With this instru- 
ment, by the auscultatory method, we can accurately 
measure the arterial pressure at the time of systole and 
at the time of diastole of the heart. The systole gives 
us the energy factor in the work of the heart. The 
diastole gives us the energy factor in the peripheral 
resistance. From the pulse-rate we know how many 
systoles and how many diastoles to each minute there 
are in the arterial tree. 

For example, if the maximum pressure is 120 milli- 
meters Hg, the minimum pressure 70 millimeters Hg and 
the pulse-rate 72 per minute, the exertion in one minute 
would be: 


In systole......... 120 mm. Hg X 72 = 8,640 mm. Hg 
In diastole ..... .. 70 mm. Hg X 72 = 5,040 mm. Hg 
Se 190 mm. Hg X 72 = 13,680 mm. Hg 


This, according to the most practical means we have, 
represents the total effort exerted per minute by the 
cardiovascular system. We may call it the energy index 
orS. D. R. index.? 

The advantages of this method of indicating the 
expended energy of the cardiovascular system are that 
we are not deceived by the high maximum pressure 
when it is combined with a relatively low mimimum 
Pressure, or vice versa. It is a well-established fact 
that the two pressures do not always tend in the same 
direction, and that one or the other may rise or fall. 

Also in this method, we do not neglect to consider the 
pulse-rate, which is an absolutely necessary element in 
Properly estimating the expended energy of the cardio- 
vascular system in a given length of time. 

Judging by the clinical reports of the present day, 
the pulse-rate heretofore has largely been left out of 
this consideration. It is true that the number of pulse- 
beats per minute is not the greatest factor in producing 
high blood-pressure; but that each ventricular systole 
plays its part in the total blood-pressure is obvious, and 
that a greater number of systoles represents a greater 
total energy expenditure and a greater wear and tear is 
also clear enough. It is the last-mentioned factor par- 
ticularly which we may aim at estimating in our clin- 
tal work, and for which S. D. R. index is most useful. 
tg, Reproduced from the Journal of American Medical Associa- 


'This method for obtaining an index to the cardiovascular 
ergy isso simple that when its utility occurred to me I scarcely 
thought it possible that it had not been suggested long ago. In 
§search through the literature at my command, I have not, how- 
Wer, been able to find it. Certain it is that it is not a recognized 


Method, which I believe it deserves to be. 


If we were to take into consideration the duration of 
the systole and the diastole in every case, our calcula- 
tions would be still more representative of the total 
cardiovascular energy. According to Tigerstedt, in the 
normal person the average duration of the systole is 
from 0.19 to 0.382 second, and the diastole is 0.4 second. 
But the cases in which this would be an important 
clinical factor are the exceptions, although with the 
recording insturments, the actual time of both systole 
and diastole can be determined readily. On the other 
hand, absolute values would not necessarily aid us 
greatly in our diagnosis, prognosis or treatment. What 
we need for our every-day work is an index, and a point 
for the normal; after that our values are just as useful, 
so long as they are relatively true. 

How enlightening this method is may be inferred 
from the findings in a series of 289 young men between 
the ages of 15 and 30 years (Table I). There were 41 
cases in which the maximum pressure ranged between 
110 and 120 millimeters Hg. Ordinarily, we should pass 
this over without much consideration; but on comparing 
the extremes of cardiovascular energy in this series, and 
in the subsequent ones, we soon see that the maximum 
pressure alone, on which most reliance has heretofore 
been placed, gives us not even an inkling of what is 
going on. 


TABLE I.—TOTAL ENERGY INDEX IN TWO HUNDRED AND EIGHTY 
NINE CASES. 


| 
| 
| 
| 
| 


it 


As Maximum | | on 

| 32 Blood-pressure | 53 ES 

| oF on pCaseA 115 52) 72 12,024 

1 | 41 From 110 to 120 1 Case 110, 88 124 24.552 

| : aj \CaseA 124. 68) 68 13056 

2 99 From 120 to 130 1 Case Z 125 100 120 27'120 

. (CaseA 138 90 64 145592 

3 76 =From 130 to 140 (Case % 132 118/132 33/000 

{Case A 142) 85, 60. 15.436 

4 | 43 |From 140 to 150 Caso 148 98/120 29/520 

:CaseA|150 90) 76) 18,240 

Case A | 164) 110 18.632 

6 | 4 [From 160 to 170) Case | 162| 80/120| 29,040 


Case A and Case Z in each group are examples of the 
extreme cases in that group. Whether in Case Z of each 
of the groups the increased activity was physiologic or 
not, temporary or constant, is to be determined by 
re-examination and by other means. That there was 
present at the time of the examination a marked increase 
of activity over Case A, and how much the increase 
amounts to, can be determined best by utilizing the 
8S. D. R. index—the energy index. 

In Table II is presented a series of 116 normal cases 
in which the pulse-rate did not exceed 90 beats, and the 
minimum pressure did not exceed 100 millimeters Hg. 


TABLE Il.—-TOTAL ENERGY INDEX IN ONE HUNDRED AND SIXTEEN 
NORMAL CASES. 


Maximum Pressure 


Average Total 


Millimeters Hg. No. of Cases. meters Hg. 
Prom 130 to 130............8@.. 17,086 
From 120 to 140............ 17,450 
From 140 to 150............ 12. 18,722 
From 150 tojl60............ 20,705 


Judging by Table II and in the light of what is known 
to be the normal maximum, the normal minimum pres- 
sure and the pulse-rate, it appears that the highest 
energy index in the normal person is close to 20,000 
millimeters Hg per minute. 

For the sake of simplicity, I believe that it does not 
involve too great an error to strike off the last two 
figures of our totals and to say that in a given case the 
energy index is 151 or 170, as the first two total energy 
indexes in the series would show. Or we may designate 
the degree of hypernormal expenditure by the percent- 
age of increase over 20,000. Thus a case with a total 
energy index of 30,000 may be designated as showing a 
50 per cent increase, and so on. 

I have picked out of my records of the past year ten 
eases of advanced cardiovascular and renal involvement. 
These patients were all seriously ill, and recognized as 
such from the start. Up to the present time five of 
them have had apoplectic strokes. Cases 4, 8, 9 and 10, 
which are the younger patients of the series, each show 
an extraordinary amount of total energy expenditure 
per minute, and judging by their present symptoms, it 
seems only a matter of a comparatively short time until 
either the heart or a blood-vessel will give way, although 
we do occasionally ses patients with very high pressure 
maintaining their health for long periods. 


TABLE III.——-THE TOTAL ENERGY INDEX IN HYPERTENSION. 


| s 

~ Sis 

he 


1 | 66182100 74 20,868 Six months later, cerebral hemor- 


rhage. 
Eight months later, cerebral hem- 


2 | 63,164 100 90 23,760 
| orrhage. 
3 69192176 66 24,288 as mente later, cerebral hemor- 
rhage. 
4 | 50235120 84 29,820 Symptoms of threatened cerebral 
j hemorrhage. 
51235 120 84 29.820 Six months later, cardiac failure. 


30,240 One month later, cerebral hemor- 
36,720 


36,480 


5 

6 | 59220140 84 
rhage. 

7 | 54.200 140 108 One month later, cerebral hemor- 
rhage. 

~ Symptoms of cerebral angiospasm. 

9 Chronic nephritis; albuminuric 


52/220 160 96 
35,180 145 120 39,000 
retinitis. 


| 56280140120 50,400 Serious symptoms of cerebral ar- 
| teriosclerosis. 


A review of the figures in Table III makes it at once 
apparent how important it is that we include the com- 
plete triad—the maximum pressure, the minimum pres- 
sure and the pulse-rate—in order that we may obtain a 
definite idea of the cardiovascular energy expended, and 
of the strain under which the heart and the blood- 
vessels are laboring. 

Note.—While the index suggested by Dr. J. 1. Barach 
gives an indication of the effort sustained by the heart, 
it should be noted, from the point of view of physics, that 
it is not of the dimension of “work” or “energy.” To 
oblain a measure of the ‘‘work’’ done by the heart we should 
have to multiply Dr. Barach’s index by the volume of the 
blood forced at each pulse beat through the system. In so 
far as this is approximately a constant for a given person, 
Dr. Barach’s index does measure cardiac work, though in 
unils differing from the customary work units and differing 
somewhat from one individual to another.—Epiror. 
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By courtesy of Power, 


Sectional view of the apparatus and piping of a typical reciprocating engine plant, operating condensing, showing the variation of temperature and pressure 
of the boiler gases and of the steam during the course from the boiler through the engine, condenser, and back to the boiler. 


Temperature Variations in the Steam Plant’ 


Thermometer Indications From Furnace to Condenser 


llow many engineers have ever taken the trouble tc 
asceftain the approximate difference in the temperature 
of steam and water in making a cycle from the boiler, 
through the various power-plant units and back to the 
boiler? Probably not many, yet the subject is of inter- 
est, and should be known to every power-plant oper- 
ator. 

Every steam plant is different, because the size of 
generating units, length of piping and design and effi- 
ciency of the pipe covering will have a marked effect 
on the reduction of heat in the steam in doing work 
and from condensation and radiation. 

From the moment combustion of fuel in the furnace 
takes place, transfer of heat, given up by the coal to 
the water in the boiler, occurs. The average tempera- 
ture of a boiler furnace is about twenty-five hundred 
degrees, and the temperature of the furnace gases escap- 
ing to the chimney is generally between four hundred 
and six hundred degrees. The difference between fur- 
nace and chimney temperature represents the heat 
absorbed by the brick boiler setting and by the water 
in the boiler. The greatest drop in temperature occurs 
between the furnace and second pass of a water-tube 
boiler; the drop is much less in the following passes. 

When steam is admitted to a pipe system the tem- 
perature and pressure drop, owing to radiation and pipe 
friction. The temperature of the steam at 164 pounds, 
absolute, in the steam space of the boiler is, say, three 
hundred and sixty-six degrees. In the average steam 
plant the drop in temperature will be at least two 
degrees. Entering the high-pressure cylinder, the tem- 
perature of the steam, in doing work, is reduced to 
approximately two hundred and fifty-six degrees, and 
exhausts to the low-pressure cylinder at two hundred 
and forty-four degrees, when the temperature is again 
reduced, this time to one hundred and ninety degrees. 
It passes to the condenser at one hundred and twenty- 
four degrees, a total drop of two hundred and forty- 
two degrees. A further drop in temperature occurs in 


tic * Reproduced from Power. 


the condenser, where the steam is condensed to about 
one hundred degrees, at which temperature it passes 
to the hotwell in the form of water. 

At this point of the cycle the exhaust steam of the 
auxiliaries is used to bring the hotwell water to a 
higher temperature before returning it to the boiler 
as feed water. If the steam auxiliaries use steam at 
boiler pressure its temperature will be three hundred 
and sixty-four degrees, and will exhaust to the feed- 
water heater at about two hundred and nineteen de- 
grees, which will raise the hotwell water to about two 
hundred degrees in passing through the heater. At 
this temperature it is discharged back to the boiler 
at one hundred and sixty-six degrees less than the 
original temperature of the steam supplied to the en- 
gine. 

If feed water is taken from the city main or a source 
of supply other than the hotwell at, say, seventy de- 
grees, the exhaust steam from the auxiliaries will be 
used to raise the temperature, but the water would go 
to the boiler at a lower temperature than if hotwell 
water were used with the same amount of exhaust 
steam. 

The foregoing are approximate figures that would 
obtain in the average steam plant, with water-tube 
boilers and compound-condensing engines, using satur- 
ated steam at absolute pressure. The illustration at 
the head of this page shows an installation in sec- 
tion, with the temperature of the steam and water 
designated at different points in the piping and steam 
units. 


A “Danger-scale”’ for Athletics 


Inasmucn as the fundamental aim of athletics is, or 
at any rate ought to be, health, it is not unreasonable to 
ask in what degree each type of game or sport approaches 
this ideal of contributing to a sound body and the enjoy- 
ment of its physical resources. It will probably be found 
difficult to compare the health-giving virtues of tennis 
and cricket, of skating and basket-ball, of rowing and 


tug-of-war. The factors of enjoyment, of the special 
participation of definite organs of the body, of oppor- 
tunity, season, environment, etc., are too complicated to 
permit a very critical analysis. But Dr. Bartsch of 
Heidelberg has wisely suggested that it may become 
feasible to correlate the dangers attending the various 
athletic sports and to furnish a sort of ‘‘scale’’—Gefuhren- 
skala, as he naively terms it—whereby one could deter- 
mine the relative likelihood of damage or injury to be 
encountered in the prominent athletic pastimes. This 
is not unlike the condition in industrial occupations, 
for many of which the incidence of accident and harm 
is known. If the statistics of accidents in athletics, 
and the personal harm known to result all too often, 
could be gathered in some way for purposes of public 
contrast, the physician and physical culture teacher 
could advise more intelligently regarding the desirability 
of participation. We believe, however, says The Journal 
of the American Medical Association, that the greatest 
advantage of this suggestion would lie in the reforms 
which the facts thus elicited would inevitably promote. 
A few well-attested data regarding the undoubted 
dangers of crew races, of football and some other :nuch- 
vaunted sports might serve to direct public attention 
to the abuses of athletics. The promoters are thea 
usually quick to respond. 


Erratum 


Our attention has been drawn to a misprint. In the 
article on “‘A Comparison of Rivers,”’ Screntiric A MERF 
caN Supp.ement, April 18th, 1914, page 244, the state 
ment is made that “A greater and little-known waterfall 
is found on the upper Brahmapootra.”’ 

Mr. J. Whitman Bailey writes to us regarding this: 
“The word ‘great’ and not ‘greater’ should appcar in 
the second line above the picture of the Nile Cataract. 
This is rather unfortunate as being an assertion, :|most 
certainly untrue, that the Brahmapootra fall exceeds 
the famous Victoria.” 
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Ocean Waves 
Their Height, Length and Speed 


In Deep Water 


By Vaughan Cornish, D.Sc., F.R.G.S., F.G.S. 


In a former paper! I examined the observations of 
heighis of waves in the deep sea as recorded by officers 
of th: French navy, and showed that the average height 
of th waves increased proportionately to the increase 
in th» velocity of the wind, so that velocity of wind in 
statu'e miles per hour = 2.05 X average height of the 
waves in feet; or, in other words, the average height 
of th waves in feet was very nearly one half the velocity 
of the wind in statute miles per hour. 

In a later publication® I gave particulars of the height 
of the waves in a limited number of storms at sea, in 
whic}: the waves seemed to have attained their full 
development, some of the cases being my own observa- 
tions, others those of observers who had sufficiently 
recorled the attendant circumstances of position and 
weather. These heights are, of course, greater than those 
given by the constant in the above empiric formula, 
but they are not inconsistent with direct proportionality 
to the velocity of the wind, using a higher constant, 
such as 0.7 instead of 0.5. 

When preparing the first cited paper—that of 1904— 
I had examined also the lengths of waves recorded by 
the l'rench observers, but found that their relation to the 
velocity of the wind was so variable that I abandoned 
for the time being the attempt to obtain an empiric 
formula connecting the two quantities. It was apparent 
that although the waves soon attained, in the open sea, 
a height not far short of the highest possible, yet the 
measurements were often made while the growth of 
length was still far from complete. Conversely, if meas- 
urements were made soon after the wind began to de- 
crease, the height of the waves had appreciably dimin- 
ished, but their length had not. 

I have since found that, by restricting the examination 
of figures to eases where the record of weather and 
position shows that the wind has had time and oppor- 
tunity to complete its work, consistent results are ob- 
tainel connecting the observed speed of the waves with 
that of the wind. In some of these cases the length of 
the waves has also been directly observed. The fact 
that waves driven by the wind have very nearly the 
same length as those of the same speed traveling by 
gravitation alone in calm weather is sufficiently estab- 
lished by observation to allow the length to be calculated 
from the observed speed in the remaining cases, and vice 
versa. The following records by other observers are 
among those selected as satisfying all requirements 
in my book on waves, written before I had hit upon the 
humcrieal relation which is the subject of the present 
leeture. Their selection from among many was, there- 
fore, quite unbiased. 

Lieutenant Paris, of the French navy, in a storm in 
the Southern Indian Ocean which lasted four days, 
observed during the first day a wave-length of 371 feet, 
corresponding to a speed of 30 statute miles per hour, 
but during the fourth day a length of 771 feet, corre- 
sponding to a speed of 43 statute miles per hour. The 
Velocity of the wind was 46 statute miles per hour; so 
that during the first day it blew across the ridges of the 
Waves at 46 — 30 = 16 statute mi!es per hour, but dur- 
ing the last day its excess speed was only 3 statute miles 
per hour—i. e., the hichew* waves wore traveling with a 
Speed nearly equal to a’ wind. Thirty waves 
Were 29.5 feet high, si: vers feet and some were 
higher than this. 


* Cantor lecture, published & rnal of the Royal Society 


of Arts. 


‘Geographical Journal, May, 1901. “On the Dimensions of 
p-sea Waves,” etc. 


*“ Waves of the Sea and Other Water Waves,” by Vaughan 
Cornish. (Fisher Unwin, 1911.) 


In an exceptionally prolonged storm/n the Southern 
Indian Ocean, Captain David of tte steamship “Cor- 
inthic’’ recorded waves of an average length of 675 
feet, with a calculated velocity, therefore, of 40 statute 
miles per hour, the wind being 44 statute miles per 
hour—i. e., with an excess velocity of only 4 statute 
miles per hour. The heights of the waves ranged from 
38 feet to 45 feet. 

The following observations by the Hon. Ralph Aber- 
eromby are among those which I have often cited as 
being some of the most fully described. On the voyage 
between New Zealand and Cape Horn, on June 10th, 
1885, the velocity of the wind was 31 statute miles per 
hour, rising in some squalls to 37 statute miles per hour. 
He measured waves of velocity 32, 35, 39.5 and 28.5 
statute miles per hour, the average velocity being, there- 
fore, 33.75 statute miles per hour. The lengths of those 
traveling at 32, 35 and 28.5 statute miles per hour were 
measured, and found to be 507 feet, 470 feet and 358 
feet—average 445 feet. Individual waves were measured 
with heights of 26 feet, 21 feet, 23.5 feet and 26 feet, 
or an average of 24 feet; but a sensitive aneroid regis- 
tered a total rise and fall of 35 feet, which I explain by 
the supposition that there was a swell running with a 
height of 11 feet. Thus the velocity of the high waves 
was ni than the average velocity of the wind. 

In & storm}in the Bay of Biscay on December 21st, 
1911, the opportunity of seeing large waves in 
final and regular development. They were produced 
by a wind which happened to have precisely the same 
direction as a regular and heavy swell which was already 
running. The waves rapidly increased in height, speed, 
and length, until we enjoyed the unusual spectacle of 
perfectly regular storm-waves with no ‘“‘swell,’’ no 
noticeable minor waves and no crossing of wave-crests. 
The ship—P. & O. steamship ‘“Egypt’’—was hove-to 
at about 3:30 A. M., and rode out this storm until about 
1P.M. Iobserved the waves from 8 A. M. until 1 P. M., 
both from the promenade deck with an eye-height of 
27 feet, and from the captain’s bridge with an eye-height 
of 54 feet. The sun was shining and the weather clear, 
and every circumstance combined to make observations 
unusually easy and satisfactory.° The ship being held 
stationary, head on to the waves, the real and the appar- 
ent speed of the waves were the same, and the ship’s 
length gave a base of measurement for the distance be- 
tween two crests viewed simultaneously from the bridge 
without correction for difference of direction. The 
ship’s length gave the base for calculating the speed 
from the time of traversing the distance from stem to 
stern as seen from the bridge, also without correction. 
This time, combined with the period, gave a second 
modo of observation of the length. 

The period gave also a means of comparing the calcu- 
lated length with the observed length of a wave. These 
measurements were made at noon. The agreement is 
sufficiently good to give me confidence in deducing the 
lengih of Lae waves at 10 A. M. and 8 P. M. from the 
period then observed. The velocities of the wind are 
obtained by taking the mean of two sets of estimations: 


Beaufort’s number. 
Wind at 4A. M.... 9 | w 48.5 
Wind at8 A. M.... 9 | 9/10 5 
Wind at noon...... 8/7 | 8 35.5 


The waves observed were: 


iz, 
6| | ES | B. 
ot 
Time. ai 33 #6 
2 $e as 
| D 
. Seconds Feet Feet Fee 
10A.M.......| 12.5 | 821 J...../43.66 


12:15 P.M....| 11.27 | 651 | 612 | 708 |42.74'39.37 


[The above calculations are performed with the precise 
factors used in the General Formula (see post). The 
figures quoted from my book on “Waves of the Sea’”’ are 
calculated by a somewhat rougher approximation.] 

At 10 A. M., with an eye-height of 27 feet, almost 
every wave passed considerably above my line of sight, 
and I estimated this excess of height at 4 feet, which 
would make them 31 feet in height. There was a re- 
markable approach to uniformity in height, the sea 
differing in this respect from that in which there is a 
swell running at the same time as the shorter storm- 
waves. Being occupied with measurements of length 
and speed, I had not time to make a detailed examina- 
tion of the heights by seeking different elevations on 
the ship which would place me ona level with the low- 
est and the highest waves. Judging, however, from the 
general appearance, coupled with the experience of 
measurements on former occasions, I should say that 
there were few waves which differed by more than 
5 feet from the average, which would make the range 
of height, except in isolated instances, only about one 
third of the mean, viz., from 26 feet to 36 feet. 

The above observations show that the highest series 
of waves—which, indeed, was the only series visible— 
were traveling at a speed almost if not quite as great 
as that of the wind by which they were produced. 

So much for the speed of the highest waves I have 
observed at sea during storms. I proceed to describe 
observations of the period—and, by theoretical caleula- 
tion, the speed—of the waves which reach the seashore 
as breakers. 

On December 29th, 1898, I observed at Branksome 
Chine, on the Dorset coast, between Bournemouth and 
Poole, 139 consecutive breakers with an average period 
of 19 seconds, and therefore a calculated velocity when 
in deep water of 66.5 statute miles per hour and a deep- 
water wave-length of 1,850 feet. There were very 
strong winds on the Atlantic from December 25th to 
29th, 11-12 of Beaufort’s scale (64-77 statute miles per 
hour) being recorded on ships. On land 77 statute miles 
per hour was recorded at Alnwick, Northumberland, at 
10 P. M. on the 27th, and 71 statute miles per hour at ° 
2 A. M. on the 28th. Waves 45 feet to 52 feet high 
were reported in N. 47 deg. W. 19 deg. on December 
29th from steamship “St. Simon,’’ but I have no details 
as to how the heights were estimated. 

On February Ist, 1899, I observed 12 consecutive 
breakers at Branksome Chine with an average period 
of 22.5 seconds, which is the longest period I have ever 
observed. Their calculated speed in deep water is 
78.75 statute miles per hour and their wave-length 2,594 
feet. Owing to the exceptional violence of the winds 


during this season the Meteorological Office collected 
all available data of weather in the North Atlantic, 
and published an atlas showing the size and position 
of the depressions and the direction and strength of the 


. 
2 May 2, 1914 ee 285 
y 2, 1914 
= 
= 
- 


Fe “SCIENTIFIC AMERICAN SUPPLEMENT No. 2000 


May 2, 1914 


COMPARISON OF OBSERVED DIMENSIONS OF WAVES WITH THOSE CALCULATED BY THE GENERAL FORMULA (the dimensions are given in feet). 


Period by the formula. 


| 


vided b 


| | 
| | 
| | 


waves. 


Observed bt of 
divided by height of the 


Highest waves observ: 
es b 

prevalent waves. 

Ratio, length di 

height 

the formula. 


Observed ratio, 


- 


Locality 
Date of observation. 


a 
& | 
3 = > 
3 83 
Cornish...... Strong 6 
breeze 


Abercromby... Moderate | 7 with | 32 33.75 ......... 


gale 8 in 
squalls 
Seoresby..... Fresh gale | 37 
Cornish......| Strong | 9 
gale | 
Seoresby..... Do. 9 44 
David... Do. 9 44 
Paris... 
Cornish. ..... Stormto lltol2 6 ...... 19 to 
hurricane to 22.5 
recorded 77 swell 
atsea | observed 
on shore 


22 | atsea 53.9 


Greater 17.5 200 262) 13.3 | 15.0 


| than 20 | 
| 21t026 | 26 22.4) 445 18.5 | 19.2 
average 24 | | 
| 
26 (28.91 seo | 578 21.5 | 22.2 
| 
| 
29 43in 
| peaks 
| 30 | 40 


40 to 45 | One of 50 |30.8) 675/| 813| 15.9 | 26.4 


30 waves Gwaves of 32.2) 771 | 889| 26.1 | 27.6 


| 


oO! | 37.7 feet, 
29.5 feet | and some | 
| | higher 
| than 31 | 
| to reported | to 


.| Caribbean ip. B. Wind dead aft; velocity of wind 


from smoke of funnel; steady 
wind; no swell. 


Caribbean | Jan., 1907 |Between Colon and Jamaica. 
Trade wind exactly ahead. 


8. Pacific | June 10, | Aneroid showed total rise and fall, 
1885 35 feet. 


N. Atlantic) Mar. 6, |800 geographical miles from wind- 
1848 ward shore. 


Do. Dee. 7, | 1,000 hical miles from 
1900 8 


ore. 


Do. Mar. 5, |600 geographical miles from wind- 
1848 ward shore. 


S. Indian |Aug., 1907 
Do. Oct., 1867 


Bay of Dee. 21, _ hove to; observations unusu- 
Biscay 1911 y easy. 

Dorset | Dec., 1898 Data for weather and waves in 
Coast d the Atlantic from a report of 


an 
Feb., 1899 | Meteorological Council; obser- 


vations on shore by Cornish. 


winds. It shows nothing on January 31st or February 
lst to account for the swell observed at Branksome 
Chine on February Ist; but on January 30th there was 


a solitary deep depression with wind a little S. of W. ~ 


of foree 11-12—i. e., velocity 64-77 statute miles per 
hour. From the actual situation of the depression this 
direction is true for the entrance to the English Channel. 
In order that the waves should reach Branksome Chine 
at the time of my observation they would have to advance 
at a speed of 40.8 statute miles per hour. 

The waves which I observed traveling individually 
at 78.5 statute miles per hour, would advance as a group 
at half this speed, viz., 39.75 statute miles per hour. 
As no wind foree 11-12 was reeorded at sea on January 
3lst and February Ist, the height of the individual 
waves would not be maintained by the wind, and the 
front member of the group would continually be dying 
out, to be replaced by a new member in the rear, so 


that it is the group velocity and not the individual 


velocity which has to be calculated in tracking these 
waves to their source. 

There is considerable probability, therefore, that the 
waves with an individual velocity of 78.5 statute miles 
per hour, which I observed at Branksome Chine, were 
produced by wind of velocity 64-77 statute miles per 
hour at 2,000 miles; that is to say, 4,000 wave-lengths’ 
distance. 

The question of the time during which these high 
velocities of wind were maintained must also be con- 
sidered. During this stormy season an average velocity 
of 53 statute miles per hour (Beaufort’s 10) was main- 
tained, as observed on land, for 6 hours on January 12th, 
1899, and 70-76 statute miles per hour for one hour. 
During the same month a velocity of 80 to 90 statute 
miles per hour was attained by gusts of wind.‘ The 
highest recorded velocity in any gust of wind of which 
I have knowledge is 103 statute miles per hour. 

Thus the greatest velocity of waves calculated from 
the longest periods of breakers which I have observed 
is practically equal to the speed of the wind as indicated 
by the highest logged numbers at sea, and the highest 
average velocity of wind maintained for one hour on 
land during the same season. I should add that the 
group of 12 breakers of 22.5 seconds period were of not 
inconsiderable size, considering the somewhat sheltered 
situation in which they were observed, and the group 
of 19 seconds period (66.5 statute miles per hour) were 
unusually large. Thus the observations indicate, first, 
that waves traveling as fast as the average velocity of 
the strongest winds form large breakers upon the shore; 
and, secondly, that if there be swifter waves produced 
directly or indirectly by the action of wind upon the sea, 
they do not attain sufficient height to form noticeable 
breakers. 

Combining the results of the observations at sea with 


*¥F. J. Brodie, Quarterly Journal of the Royal Meteorological 
Society, 1902. 


* Symond’s Meteorological Magazine, May, 1900. 


those from the shore, I consider that I am now in a posi- 
tion to propose a settlement of the long-debated question 
of a formula which shall express the connection between 
the speed of the wind and the dimensions of the highest 
waves which it produces in deep sea far from land. As 
already stated, the records of average height in feet 
observed at sea are approximately equal to half the 
velocity of the wind in statute miles per hour. For those 
occasions on which the wind has had as full opportunity 
as it ever enjoys of doing its work, direct proportionality 
still holds good, but the constant is higher. I find that 
seven tenths best satisfies the available observations 
between a strong breeze and a whole gale. The same 
simple proportion would not hold if we began with the 
heights corresponding to the gentlest breezes, which 
would probably rise in a steepening curve; but the only 
part of the line which is of nautical importance is that 
part which comprises waves of considerable size, and this 
part is a straight line. 

My chief difficulty in obtaining a general formula 
has hitherto been the determination of the relation 
between wave-length and velocity of the wind. Having 
now, however, found that the highest waves finally 
formed are those traveling at a velocity which is equal, 
within the errors of observation, to that of the wind, 
their length can be directly calculated from the observed 
velocity of wind. I thus obtain the table given below 
which shows the height and length, and, therefore, 
also the steepness, of the highest waves finally produced 
in deep sea far from sheltering land by winds of the 
different velocities corresponding to the numbers from 
6 to 12—strong breeze to hurricane—on Beaufort’s table 
of wind force. 

It will be noticed that, since I find the velocity of the 
waves to be equal to that of the wind, their length, 
according to the theory of waves, is proportional to the 
square of the velocity of the wind. Now I find the 
height to be proportional to the velocity of the wind. 
The height divided by the length—that is to say, the 
steepness—of the waves is, therefore, inversely propor- 
tional to the velocity of the wind. The table gives the 
steepness of the highest waves formed by wind of any 
velocity, but the waves are steeper before they acquire 
their final speed and greatest height. 

In the table two constants depend upon observations, 
viz., the equality of velocity of wave and velocity of 
wind, and the factor 0.7 for converting velocity of wind 
in statute miles per hour to height of wave in feet. The 
other factors employed are given by the theory of 
trochoidal waves traveling in deep water. 

GENERAL FORMULA FOR CALCULATING THE LENGTH AND 
HEIGHT OF THE WAVES FINALLY PRODUCED IN THE 
OPEN SEA BY THE ACTION OF WINDS OF ANY 
VELOCITY FROM 25 TO 77 STATUTE MILES 
PER HOUR. 

This formula is based upon—(1) The observation 
that in prolonged storms, or when the wind blows directly 
upon a swell of less than its own speed, the waves travel 


with the same speed as the wind, within the limits of 
the errors of observation. (2) The observation that the 
breakers of longest period have a calculated deep-water 
velocity equal to the maximum average velocity of wind 
recorded for the same spell of weather. (3) The obser- 
vation of heights of fully-developed waves at sea. (4) 
The relation between speed, period and length of waves 
given by the theory of trochoidal deep-water wives; 
employing the formula — speed of wave in feet per second 


= 5.123 X period = ~)5.123 x length (vide Chapter V. 
of Sir Wm. H. White’s ‘“Naval Architecture’’), and con- 
verting from feet per second into statute miles per hour 
by use of the factor 0.6818. 
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Strong breeze... 6| 25 | 7.2) 262/17.515.0 
Moderate gale........ 7| 31 | 8.9} 404/21.7 18.6 
Fresh gale. . 8 37 |10.6) 575/25.9 22.2 
Strong gale.......... 9 | 44 /12.6| 813/30.8 26.4 
Whole gale.......... 10 53 |15.2 1,180)37.1 31.8 
Storm... ll 64 /|18.3) 1,720/44.8 38.4 
Hurricane........... 12 | 77 


Note on the Height of Waves.—The figures are for the 
average waves. When their speed is equal to that of 
the wind, there is not the great variation in height which 
occurs when the wind has a velocity less than that of the 
swell left by a preceding storm and occasional high waves 
are formed by superposition. 

Note on the Length of Waves.—When the length is 
judged by the apparent distance which separates two 
wave-crests viewed simultaneously, the result is generally 
much less than the true length. Unless special precau- 
tions are taken, the eye is completely deceived. Reliable 
results are obtained by determining the time occupied 
by the waves in running the length of the ship combined 
with the interval of time between the arrival of the waves. 
This mode of measurement is, of course, independent of 
the theory of the relation between period and length. 

Note on “Force 12.”—A short group of breakers of the 
corresponding period have been observed by the author; 
but there is no reliable record of a sea in which the height 
of the waves averaged 53.9 feet, presumably on account 
of the extreme force of wind not being long maintained. 
Breakers corresponding in period to force 11 have beet 
recorded in a long series. 

I anticipate that seamen will object that the wave 
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lengths given in the table exceed their experience of the 
apparent length of waves. I have pointed out else- 
where’ that although there is agreement between the 
records of systematic observation of heights of waves 
and the experience of navigating officers, there is a dis- 
erepancy in the matter of wave-lengths. Wave-length 
in the case of systematic observations has generally 
been determined indirectly by noting the time occupied 
by a wave-crest in running the length of the ship and the 
interval of time between the arrival of successive waves. 
The result is to give wave-lengths much greater than 
those generally assigned by officers on the bridge who 
notice the apparent distance between contiguous wave- 
erests viewed simultaneously. Only in the case of very 
long and regular waves, such as those seen in westerly 
storms in the Southern Ocean, is there an approach to 
concordance. For ordinary rough weather in the North 
Atlantic the discrepancy is about 100 per cent, the gen- 
eral estimate of seamen being about one half that ob- 
tained by systematic observation of succeeding waves. 
Observing from the promenade deck of passenger steam- 
ers, | found my estimate of the apparent length of waves 
yiewed simultaneously agreed, on the whole, with that 
of the navigating officers, and was much less than that 
calculated by theory from my observation of the periods. 
It was only on my voyage in December, 1911 (Marseilles 


* Waves of the Sea and Other Water Waves,” 1911. 


to Plymouth by P. & O. steamship “Egypt’’), that I 
was able to satisfy myself as to where the truth lay. 
On December 19th, off the coast of Portugal, there was 
a heavy swell occasionally rising to more than 20 feet, 
and with a period of about 11 seconds. I came to the 
conclusion that when judging the distance between crests 
of succeeding waves along the ship’s side my eye had in 
the past been deceived owing to the steep slope at the 
shoulder and the almost flat top of the waves. I decided 
that I had taken points a little beyond the shoulders 
of the receding and advancing waves as their summits, 
and thus systematically underestimated the wave-length 
by a large amount. Two days afterward I had an 
opportunity of testing the matter, and convinced myself 
that the appearance which had so long deceived me 
commonly deceives even the practised eye of the seaman. 
When on the passenger deck of the steamship “Egypt” 
at 9 A. M. of December 21st, the day of the storm 
already referred to, I was unable to satisfy myself 
whether the waves were or were not as long as the ship— 
512 feet. I had not the opportunity of obtaining at the 
moment the opinion of a navigating officer, but one of 
the engineer officers was good enough to address himself 
to the subject. He judged the length of the waves to 
be about 200 feet. As we were hove-to head-to wind, 
the conditions were favorable to observation. Going 
onto the navigating bridge, I had from this position 
of vantage no difficulty in deciding that the large and 


regular waves were longer than the ship, for the stern 
was on one crest when the next crest had not yet arrived 
at the dipping bow. I estimated the wave-length at 
100 feet longer than the ship, and this estimate was 
approximately confirmed by the indirect measurement 
of length, and both were in fair agreement with the 
length theoretically calculated from the period. A 
navigating officer who co-operated with me in observing 
the same waves as they took the ship within their length, 
estimated their length at 542 feet as against my 612 feet; 
but another navigating officer on the bridge, who had 
been noticing the sea but not joining me in my system- 
atic observations, judged the length of the waves to be 
180 feet. The observations given in the table prove 
beyond reasonable doubt that the waves were quite 
600 feet long. At the time when the engineer officer 
from the passengers’ deck estimated the waves at 200 
feet the observation of period gives their theoretical 
length at 800 feet, and my observations on the bridge 
proved that the lengths calculated from period were the 
actual lengths. 

I do not think, therefore, that there is any longer 
room for doubt that, unless special precautions be taken 
or the circumstances be specially advantageous, the eye 
is completely deceived in judging the length of waves 
from the apparent distance between contiguous crests 
viewed from on board ship. Error is least when the eye 
is high above the waves. 


Electricity for Country Houses’ 


Wuen electric light first became a domestic possibility, 
it was naturally somewhat of a luxury, on account of the 
high cost of all the various apparatus necessary for its 
production. Hence the private plant in the country 
houses of the rich was an early institution after the in- 
vention of the incandescent electric lamp and the ac- 
cumuiator. The plant of those days was, however, a 
very different thing from that which is installed now, 
and probably none of the earlier private plants are any 
longer in existence. There is no doubt that a good many 
of these were steam-driven sets—at any rate for very 
large mansions—and that the Willans engine found its 
place in many a large castle. Other residences, situated 
near hill or mountain streams, were provided with hydro- 
electric plants—that is, small water turbines as prime 
movers; and, of course, many such are still at work, and 
others would be installed were it not that in all proba- 
bility the money to be sunk for the structural and en- 
gineering arrangements would considerably exceed that 
required for a modern internal combustion engine. 

As electric light became more popular for country 
houses, the demand for gas and oil engines of smaller 
sizes increased, and a very large business was done with 
these. Where a house was situated near the gas mains 
of the local town, gas-engines were nearly always em- 
ployed, while, in practically every other case oil-engines 
were used. The oil-engine of twenty years ago was a 
very different type of machine from that now offered 
for country house plants. It is not our object to go 
deeply into technical details in this article, so it will 
suffice to say that the engines of that day were cumber- 
some, required a lot of attention, and burned kerosene oil 
in a rather uneconomical manner. Gas-engines, too, 
were by no means so economical as now, nor was either 
engine produced in the small sizes in which they are to 
be had to-day, because the various current-consuming 
devices were all more inefficient. The art of designing 
dynamos was in its infancy, and small machines of the 
two-pole type were employed, which ran very well, but in- 
éficiently. Accumulator batteries had to be large to 
cope with the relatively large amount of current required, 
and were also inefficient and suffered considerable annual 
depreciation. Finally, the incandescent electric lamp 
consumed at least 4 watts per candle-power, and often 
hore, and was actually, as it is now, the means of dic- 
tating the size of generating plant and accumulator 
battery. 

With the advent of the metal filament lamp, however, 
éverything underwent a change, although this took place 
gradually. Simultaneously with these new lamps, the 
gasoline engine appeared on the scene to meet the demand 
for a smaller high-speed prime mover, and this caused 
Makers of gas and kerosene engines to design smaller and 
More efficient patterns in order to meet this one form of 
Competition. Generally speaking, the metal filament 
lamp may be said to consume about one third the amount 
of crwent required by the old carbon filament lamp 
for equal light, and, although its initial price was 

» and its present price is 50 cents compared 
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with the 25 cents or less of the carbon filament lamp, 
it holds its own practically everywhere on account of its 
reduced current consumption. It is, therefore, clear that 
with generating plants of only about one third the 
original capacity the number of country house installa- 
tions has largely increased, owing to the reduced cost of 
initial outlay, running, and maintenance, while the al- 
most miniature engines which have been put on the 
market of late have brought electricity within the means 
of the owners of small villas and even cottages. In 
addition, the cost of wiring has been reduced by new 
methods which will not be discussed on this occasion so 
that, with the exception of the initial cost of the lamps, 
everything is in favor of the house-owner compared with 
the old days, and even the extra cost of lamps is more 
than compensated for by the saving in current, and there- 
fore in fuel. 

In regard to the choice of a suitable engine for country 
house lighting, a great deal depends on individual re- 
quirements and local conditions. The two chief factors 
are the size of plant required and the nature of the en- 
vironment. For instance, the amount of lighting may be 
small, but the user may require current for electrical 
cooking, heating and power, so that the plant might 
actually have to be a fairly large one even for a small 
house. Then there may be water power available, or 
wood or coal may be very cheap, while gas or oil may be 
expensive, or there may be no gas at all. Speaking 
generally, the following suggestions may be offered for 
determining the choice of a plant: 


(1) For houses requiring a small amount of current: 

(a) If situated in the country, a kerosene or gasoline 
set. 

(b) If near a town with cheap gas, a gas-engine set. 

(2) For houses requiring a large amount of current: 

(a) If situated in the country where there is water 
power, a hydro-electric set. 

(b) Ditto, where coal or wood is cheap, a steam set 
(particularly if the steam can also be used for heating 


and laundry purposes). 
(c) If situated anywhere else, a suction-gas set. 


These suggestions are offered entirely on the basis of 
economy in working, but there may be reasons for modi- 
fying them. For instance, the initial cost of obtaining 
water power may not warrant the installing of such a 
plant, however cheap to operate, or there may be ad- 
vantages in using suction gas or kerosene even where 
wood or coal is cheap. However, everything must be 
taken thoroughly into consideration, if running economy 
is an object; but where it is not, it is much better to adopt 
the kind of plant that best meets all other requirements 
and that gives as little trouble as possible. As economy 
is the chief consideration, we shall assume for the pres- 
ent that a water power or steam plant is too expensive 
to install and to maintain, and confine ourselves to the 
consideration of gasoline, kerosene, gas and suction-gas 
plants. The advantages of these plants over hydro- 
electric and steam plants are that they all occupy very 
little space, require much less initial expense, and can 
generally be managed without additional labor. There 
is still a very prevalent idea that an electric light plant 


costs several thousands of dollars, and an extra man to 
work it, and no doubt this serves to frighten many people 
and to prevent them even considering the question of an 
electric light plant. These things may have been true 
some years ago, for the reasons already given, but the 
modern plants have been so well standardized and de- 
signed on such compact and almost fool-proof lines that 
small gasoline sets can be obtained complete with battery, 
switchboard, and wiring for less than $500 for the lighting 
of bungalows, shooting boxes, ete. 

All these country house plants comprise essentially 
three main parts—the generating plant, the battery, and 
the switchboard—and they require very little in the way 
of housing. Any suitable outhouse will do for the small- 
est sets, the space for the battery being partitioned off in 
order to prevent the sulphuric acid fumes from damaging 
the generating plant. Where there is no outhouse avail- 
able, or where larger sets are installed, space may be found 
in a basement, or it is necessary to build a special housing. 
The object of the battery of accumulators is that the 
engine and dynamo may be run during the day time, 
where there is a gardener or similar person about who _ 
can give them the necessary small attention required. ° 
The dynamo charges the battery during this period, and 
the battery is used at night to supply the necessary cur- 
rent for the lamps. Arrangements are genera'ly made for 
supplying the lights direct from the dynamo, if required, 
or for running the dynamo and battery direct on to the 
lights at night if there is an extra load. 

Generally, however, the battery is quite capable of 
meeting the average demand, and often it is only neces- 
sary to charge the battery every other day. Each cell of 
the battery requires 2.5 volts to charge it, and discharges 
at about 2 volts down to 1.8 volts. If, therefore, the 
voltage of the lamps is 50 volts, 25 cells are required, and 
the dynamo must be capable of regulation from 50 to 
about 63 volts. As the voltage of the battery falls to 
1.8 volts per cell, a few extra cells are provided, which are 
thrown in one by one during the discharge, and for this 
reason the voltage of the dynamo must be higher by the 
amount of these extra regulating cells. For instance, to 
supply 50 volts at 1.8 volts per cell, twenty-eight cells 
will be required, and by the time all are working it is 
time to charge the battery again. There is some loss of 
energy due to the charging of the cells, but this is com- 
pensated for by the additional convenience of the battery 
and the absence of necessity of running the engine and 
dynamo at night. The engine and dynamo are usually 
direct coupled on a common bedplate, which occupies 
very little room, and the other accessories of the plant 
comprise an oil tank and a water tank and pipe work for 
circulating cooling water round the cylinder or cylinders; 
but these parts are quite simple and do not present any 
difficulties. The switchboard is generally placed in the 
engine-room, and consists of a slab of marble or slate, 
mounted with the necessary measuring instruments, regu- 
lating and controlling apparatus for charging and dis- 
charging. The battery comprises a series of glass boxes 
on wooden stands, which are generally arranged in 
two tiers. 

Gasoline-electric sets are, as previously stated, recom- 
mended for small houses where only a few lights are re- 
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quired, as, although the fuel is more expensive than kero- 
sene, less of it is required; the plant is very compact and 
requires no attention except starting, stopping, and occa- 
sional lubrication and inspection. It may be reckoned 
that a gasoline-driven plant for 50 lamps costs about $60 
per annum, including lamp renewals, gasoline and lubri- 
eating oil, ete. For those who do not wish to use gasoline 
as a fuel, direct-coupled kerosene engines can be had. 
These are generally horizontal, and run at a low speed, 
but vertical high-speed engines for larger outputs are also 
supplied. Most of these kerosene engines use American 
oil, but. Russian oil is preferable,* because it is cleaner. 
Ignition at starting is effected by applying a blow-lamp, 
as with gas-engines, and automatic ignition is afterward 
maintained by the waste gases heating the ignition tube. 
In the case of the vertical direct-coupled sets the engine 
may be started up on gasoline and changed to kerosene 
afterward, and the ignition is high-tension electric. 
Direct-coupled kerosene sets are, however, relatively ex- 
pensive, and if there is room the dynamo should be belt 
driven, so as to obtain a higher speed, and therefore a 
cheaper dynamo. All oil-engines, like gas-engines, re- 
quire to be revolved on starting. This is usually effected 
by hand, but arrangements can often be made on the 
switchboard to run the dynamo as a motor and to start 
up the engine in that manner. This arrangement is only 
useful for large sets. 

Gas-engines are only recommended when the price of 
gas is sufficiently low. They have all the advantages of 
oil-engines without the disadvantages of ordering, or car- 
riage on, fuel, and may be said generally to require even 
less attention and cleaning. They can now be obtained 
in quite small sizes for direct coupling to the dynamo, 
although, like oil-engines, it is cheaper to have a belt 
drive if space is available. 

One of the recent developments of internal combustion 
plants for country house lighting is the automatic plant. 
These are generally made for larger installations. They 
are self-starting, regulating and stopping, the necessary 
controlling apparatus being mounted on the switchboard. 
Naturally they require occasional oiling and supervision, 
while with oil and gas. cleaning is necessary periodically; 
but this work can be done when convenient, and the 
plants will run for long periods under suitable conditions 
without attention, because the engine starts by itself 
when the battery is discharged, and stops when the 
battery is fully charged. Of course, such plants are more 
expensive than the hand-controlled plants, but they pre- 
sent such advantages in other respects that they are 
rapidly coming into favor. 

Finally, there is the suction-gas system. This has been 
evolved from the original producer-gas plant, which as 
been employed of late years in large numbers of installa- 
tions of any size, particularly for small villages. The 
gas for actuating the engine is generated by passing steam 
over a hot fire of coke or anthracite, preferably the latter, 
and although anthracite is expensive, such a little is used 
that the question of fuel is of small account. Formerly 
this gas was stored in a gas-holder or supplied under 
pressure to the engine, but in the suction system the 
engind is coupled direct to the producer, and each stroke 
makes a small quantity of gas, which is sucked into the 
combustion chamber. Hence, the gas-holder is dispensed 
with, and the amount of gas produced is practically in 
proportion to the work done, as when the engine stops, 
the production of gas ceases also. A plant of this kind, 
if worked to best advantage, is the most economical 
system known for installations up to a certain capacity — 
at any rate, equal to the largest country house installa- 
tion that may be called for. Those desirous of installing 
a country house electric-lighting plant are strongly ad- 
vised not to purchase the parts separately or from some- 
one who is not used to this kind of work, but to take the 
advice of a firm of repute, capable of supplying and 
erecting the whole plant and taking full responsibility 
for its efficient working. There are several firms of this 
kind who standardize complete ranges of plants for all 
classes of internal combustion engines, including the 
necessary accumulator battery, switchboard, and all 
accessories. 


The “Movies” and the Eyes 


Tue injurious effect on the eyes of the swiftly moving 
images of the kinematograph has been frequently dis- 
eussed. It has been shown that a number of disorders 
of the eyes are caused by this form of entertainment. 
In Massachusetts a five-minute intermission is required 
between reels so as to lessen the eye-strain. One of the 
factors in kinematograph exhibitions which favors the 
development of eye-fatigue is poor definition of the 
original negatives. This is greatly accentuated when 
the positives which are used are enormously magnified. 
The smaller the image in the eye, the longer the impres- 
sion lasts and the more the eyes are tired, so that seats 
nearer the screen are less desirable than those more 
remote. There is less eye-fatigue when sitting not closer 
than forty feet from the screen. 
~ remark relates to English practise. 


That the “movies” are a prolific source of eye-strain 
must have been recognized by many oculists, yet, with 
few exceptions, the attention of the public has not been 
directed to this important fact, while the victims them- 
selves seldom suspect the cause of their trouble, although 
many of them suffer from an increase of symptoms even 
while witnessing the pictures. These symptoms usually 
consist of headache, vertigo, nausea and fatigue of the 
eyes, followed later by vomiting, sleeplessness and lack 
of energy. Physicians and public health officials have 
only recently realized the important part the picture 
theaters play in the welfare of the community from a 
health standpoint. Many theater buildings are remod- 
eled store-rooms with no facilities for ventilation. The 
air is breathed over and over and plenty of opportunity 
is afforded for contact between infected and non-infected, 
thereby facilitating the distribution of infectious diseases. 
In the United States there are over twenty-five thousand 
moving picture theaters at which there is an average 
attendance of over fifteen million spectators. This 
variety of eye-fatigue may be largely removed by wearing 
proper glasses; by patronizing only those places which 
have good films, proper manipulation and proper inter- 
vals of rest between the reels; by sitting at the right 
distance from the screen (no closer than forty feet) 
and by a not too frequent attendance. 

It has been suggested that licenses be issued only to 
those proprietors of moving picture theaters who are 
willing to abide by the following rules: First, to operate 
the machine by a motor instead of by hand, to have an 
adjustable take-up or speed regulator and an automatic 
fire-shutter which renders more accurate the sequence of 
the individual images; second, to use the are light with 
the direct current, which is brighter and steadier than 
that with the indirect current; third, to have a proper 
screen, free from disagreeable and harmful glare. The 
so-called “mirror screen,” consisting of a mirror glass 
with a frosted surface, seems to be one of the most 
desirable. Fourth, to use no reels which have been in 
use for over a month. Reels of an inferior quality or 
which have become scratched from much use give poor 
definition. Fifth, to allow at least three minutes inter- 
mission between the reels.—Journal of the American 
Medical Association. 


Diagnosing Disease in Patients 1,500 Years Old 


Tuis is an age of specialism. Some doctors limit their 
practice to babies, some to old persons, some to a single 
class of disease. Only recently has any doctor attempted 
to specialize on the diseases of mummies. In a recent 
issue of The Journal of the American Medical Association 
appears an interesting account of the work of Dr. Ruffer 
in the examination of a large number of recently dis- 
covered mummies in Egypt. The conditions of custom 
and climate which have preserved the mummies of old 
Egypt make it possible to compare the defects produced 
by disease with the manifestations of diseases of the 
present day. Such investigations have already unfolded 
many facts of interest in respect to the existence of 
disease in bygone times, and have contributed important 
facts to the history of medicine. 

The perfect preservation of many of the bodies which 
have become available in Egypt is remarkable. . The 
peculiarities of real mummies are widely known. Coptic 
bodies which have recently been examined by Ruffer 
belong to a somewhat different class. They came from 
Antinoé in Upper Egypt; and dated from the fifth to 
sixth century. They were therefore from about 1,400 to 
1,500 years old. They had undergone no artificial proc- 
ess except that, at one time, they had been covered with 
salt. The real preservative had been the dry Egyptian 
sand in which they had originally been buried enclosed 
in wooden coffins. Never having been disturbed by the 
embalmer, the organs were all in position, and the 
bodies contained no resin, gum or any materials such 
as mud, sand, rags, ete., generally used in old Egypt 
for packing the body after removal of the organs. In 
our environment, where special precautions are neces- 
sary to preserve the body from decay, it is surprising to 
hear that microscopic sections from these bodies, made 
fifteen hundred years after death, show the minute struc- 
tures of the glands in a remarkably fine state of pre- 
servation, or to learn that the lobes of the brain and 
some of the convolutions were recognizable and that the 
fibers and valves of the heart could be made out. Ruffer 
points out the occurrence of tubercular disease of the 
spine among ancient Copts as one more proof that the 
disease has existed from the remotest times and is inde- 
pendent of climate. It has been found in bodies buried 
close to the Mediterranean shores, in bodies from Upper 
Egypt and Nubia, and even in a skeleton buried in the 
tropics at Merawi, one of the hottest and dryest places 
in the world. Judging from two cases of enlarged spleen 
which were found in Coptic bodies, Ruffer ventures the 
suggestion that these people suffered from malaria. 

Pyorrhea appears to be as old as the human race. 
Evidence of such disease has been found in prehistoric 
skulls and in the specimens from almost all nation- 


alities. Ruffer has found nothing to suggest that the 
Copts knew anything about dentistry. The long- 
nized bad state of the teeth of ancient Egyptians jg 
again emphasized in the Coptic bodies. Almost every 
skull has some serious dental defect. It is suggested 
that this may perhaps be accounted for by the fact that 
very little care of the teeth appears to have been taken, 
The thick incrustations of tartar are sufficient evidengs 
that the Copts did not clean their teeth at all. In many 
peoples and animals the absence of the tooth-brush ig 
compensated for by the fact that the food is hard, fibrous 
and raw, requiring a good deal of chewing, which me 
chanically cleans the teeth. In ancient Coptic times 
this does not appear to have been the case. Ruffer con 
cludes that the Copts of Antinoé lived chiefly on cooked 
soft food, chewed without effort. Decay of the teeth 
was extremely common and was possibly due to the 
nature of the food consumed. 
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